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A B S T R A C T
N atural mineral veins o f ten vary b r o a d l y  in 
composition, and tend to m e a n d e r  t h r o u g h  the host
rock s t r u c t u r e  s o m e w h a t  randomly, such that t i m e l y
p e r i o d i c  e v a l u a t i o n  of the location, type, and g r a d e  
of m i n e r a l i z a t i o n  is n e c e s s a r y  to any a u t o m a t e d
e x t r a c t i o n  activity.
M i n e r a l i z e d  rock s a m p l e s  were c o l l e c t e d  from 
local sour c e s  and i d e n t i f i e d  by c o n v e n t i o n a l  means, 
and m u l t i - s p e c t r a l  images were p r e p a r e d  for f o rty
five (45) narrow band wave lengths wi t h i n  the v i s i b l e  
and n e a r - i n f r a r e d  s p e c t r a l  r e g i o n  from .39 micr o n s
t h r o u g h  .92 microns.
CCD camera images w e r e  a c q u i r e d  with a mic r o  
c o m p u t e r  based frame g r a b b e r  b o ard and s o f t w a r e .
S i g n a t u r e s  were d e v e l o p e d  for f i f t y  (50) k n o w n  rocks 
and min e r a l s  by s e l e c t i o n  of a s p e c i f i c  pixel a d d r e s s  
r e p r e s e n t i n g  each k n o w n  ro c k  and mineral, along with 
t a b u l a t i o n  of the lig h t  level val u e  for that same
ad d r e s s  from each of the f o r t y  f i v e  (45) images, plus 
a f o rty sixth u n f i l t e r e d  (white) image.
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Each s i g n a t u r e  was zero r e f e r e n c e d  to eliminate 
e f f e c t s  of light level v a r i a n c e  r e s u l t i n g  from 
v a r i o u s  work activities, by i n d i vidual subtr a c t i o n  of 
each r e s p e c t i v e  white (unfiltered) image light level 
value from ea c h  s i g n a t u r e  light level value, such 
that a new s i g n a t u r e  of i d e n t i c a l  s h ape is formed 
a b o u t  the zero light level axis.
E n v e l o p e s  were d e v e l o p e d  for each k n own rock and 
mi n e r a l  by r e s p e c t i v e  s e l e c t i o n  of the high e s t  and 
lo w e s t  light level va l u e s  for e a c h  wave length from 
a g r o u p  of nine (9) zero r e f e r e n c e d  m ulti-spectral  
s i g n a t u r e s  for the k n own r o c k  or mineral. The sets of 
nine data p oints are from ni n e  pixel n e i g h b o r s  in one 
frame. Rock and m i n e r a l  i d e n t i f i c a t i o n  is 
a c c o m p l i s h e d  t h r o u g h  wa v e  length by wave length 
c o m p a r i s o n  of light level values for a c u r r e n t  (zero 
r e f erenced) signature, to st o r e d  e n v e l o p e  values for 
k n o w n  rocks and minerals. "Goodness of fit" is 
e s t a b l i s h e d  by c o u n t i n g  t he nu m b e r  of c u r r e n t  wave 
le n g t h  light level v a l u e s  w h ich fall within the 
s t o r e d  e n v e l o p e  values.
M i n e r a l i z e d  areas are a s s e m b l e d  by r e c o r d i n g  the 
a d d r e s s  of i d e n t i f i e d  pi x e l s  to a r e s p e c t i v e  mineral
± v
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file. Of f s e t  d i s t a n c e s  to m i n e r a l i z e d  areas are
c a l c u l a t e d  by tak i n g  the area c e n t r o i d  of ide n t i f i e d  
p i x e l s  with r e s p e c t  to the c enter of image p i x e l .
P e r c e n t  m i n e r a l i z a t i o n  is e s t a b l i s h e d  from prior 
d e s i g n a t i o n  of the c o n s t i t u e n t s  of "vein", t h r o u g h
a r i t h m e t i c  c o m p a r i s o n  of the c o u n t  for i d e n t i f i e d  
pixels of each rock or mineral, to the total pixel
c o u n t  for i d e n t i f i e d  ve i n  m a t e r i a l .
v
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Chap t er  1. INTRODUCTION
1.1 S t a t e m e n t  of the Problem:
Most C o l o r a d o  mines can be c h a r a c t e r i z e d  as "small 
mine ope r a t i o n s  in p u r s u i t  of na r r o w  veins" (Nugent, 
1992). Historically, drill and blast mining
pr a c t i c e s  have g e n e r a l l y  p e r m i t t e d  profitable 
o p e r a t i o n  of n a rrow ve i n  mines only during boom 
p e r iods for two p r o m i n e n t  reasons. First, large
q u a n t i t i e s  of rock, which e v e n t u a l l y  be c o m e  tailings, 
must be handled a l o n g  with the ore to allow 
u n d e r g r o u n d  work s p ace for men and machinery. Second, 
na r r o w  veins o f ten mean d e r  such that adequate 
e x p l o r a t i o n  is p r o h i b i t i v e l y  expensive, and organized
p u r s u i t  is often d i f f i c u l t  and inefficient. Recently 
b r o a d e n e d  e n v i r o n m e n t a l  stand a r d s  now pose a third
inhibition, such that most d o m e s t i c  mines co n t i n u e  to 
stand idle, while i n t e r n a t i o n a l  mining operations.
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en d o w e d  with cheap labor* and lax e n v i r o n m e n t a l  
standards, c o n t i n u e  to expand.
E f f e c t i v e  s o l u t i o n  to this t h r e e - p r o n g e d  d i l e m m a 
d i c t a t e s  d e v e l o p m e n t  of the c a p a b i l i t y  for a u t o n o m o u s  
m a c h i n e  gui d a n c e  to e n a b l e  m e c h a n i z e d  ore e x t r a c t i o n  
w i t h o u t  aid of a h u man operator. U n m a n n e d  mining 
c o u l d  then be c o n d u c t e d  within the vein, or by 
r e m o v i n g  only close p r o x i m i t y  rock with the vein, 
such that minimal q u a n t i t i e s  of w a ste rock are 
r e m o v e d  with the ore b e a r i n g  rock. This t r a n s l a t e s  
into richer ore grade, r e d u c e d  h a u l a g e  and m i l l i n g  
costs, and s m a l l e r  t a i l i n g s  piles when c o m p a r e d  to 
c o n v e n t i o n a l  mining m e t h o d s .
A u t o n o m o u s  m a c h i n e s  r e q u i r e  s ensor input for 
g uidance, and useful g u i d a n c e  s y s t e m s  must 
d i s c r i m i n a t e  and q u a n t i f y  s e l e c t e d  o r e s . Work in 
r e m o t e  d i s c r i m i n a t i o n  of m i n e r a l s  has f o c u s e d  on 
i d e n t i f i c a t i o n  of c o m p o n e n t s  in f i n e  p a r t i c l e  
m i x t u r e s  and w e a t h e r e d  s o i l s . R o c k  s u r f a c e  
d i s c r i m i n a t i o n  and q u a n t i f i c a t i o n  a re i m p o r t a n t  
s e n s i n g  tasks that h a v e  not r e c e i v e d  a d e q u a t e  
a t t e n t i o n  for m a c h i n e  guidance. T he p a r t i c u l a r  
p r o b l e m  is o b t a i n i n g  p r e c i s e  r e p e a t a b l e
d i s c r i m i n a t i o n  of type and l o c a t i o n  of m i n e r a l i z a t i o n
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in real envi r o n m e n t s  w h e r e  s u r f a c e  roughness, mineral 
composition, moisture content, and crystal s t r u c t u r e 
o r i e n t a t i o n  are v a r i a b l e  and uncontrollable.
1.2 Pr o p o s e d  S o l u t i o n :
Specifically, this thesis d e m o n s t r a t e s  that 
n a t u r a l  c r y s t a l l i n e  s o l i d s  may be i d e n t i f i e d  by 
a n a l y s i s  of surface r e f l e c t a n c e  p r o p e r t i e s  in c e r t a i n  
nar r o w  spectral bands a p p r o x i m a t i n g  the true 
c o n t i n u o u s  spectral s i g n a t u r e  and d e s c r i b e s  a 
p r o t o t y p e  sy s t e m  used to i d e n t i f y  rocks and minerals  
in their natural state. The p r o t o t y p e  sy s t e m  (See 
F i g u r e  1) uses a p e r s o n a l  computer, c h a rged c ouple 
d e v i c e  (CCD) camera, f r a m e  grabber, s e l e c t e d  narrow 
band filters, and s o f t w a r e  to record and process  
d i g i t a l  images of rocks and m i n erals of interest. 
U n k n o w n  signatures are c o m p a r e d  to a k n o w l e d g e  base 
to d e t e r m i n e  m i n e r a l i z e d  regi o n s  in the r o c k - f a c e  























Figure 1. SYSTEM SCHEMATIC DRAWING
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1 . 3 S u m m a r y :
D e m o n s t r a t i o n  ana l y s i s  was c o n d u c t e d  on 20 rock
and m i n e r a l  samples (See F i g u r e  2), for signature 
r epeatability, process i l l u s t r a t i o n ,  general sample 
d iscri m i n a t i o n ,  and a b l i n d  test. Samples are
assu m e d  to be n u m b e r e d  from top to bottom with the 
m a r b l e  samples arrayed v e r t i c a l l y  at the left of the 
image or photo (See F i g u r e  3). I d e n t i f i c a t i o n  data
sets are included for t h e  20 rock and mineral 
s a m p l e s .
1.3.1 Repeatability.
R e f l e c t i o n  s i g n a t u r e s  were c o m p i l e d  for pixel
test spots on each of t w e n t y  rock and mineral samples 
for both wet and dry c o n d i t i o n s . S u r f a c e  r e f l e c t a n c e  
s i g n a t u r e  group values for e i g h t e e n  of the twenty 
test spots e x h i b i t  an a v e r a g e  s p r e a d  of about ten 
grey levels, or about four p e r c e n t  of the avai l a b l e
c amera resolution. Two samples, "Stibnite #4(w e t )" 
and "Coal # 2 (dry)", e x c e e d  50 grey levels scatter
T4045 6
near  the c e n t r a l  r e g i o n  of their r e s p e c t i v e  s i g n a t u r e  
groups. S i g n a t u r e  r e p e a t a b i l i t y  and uni q u e n e s s
T4045 7
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Figure 3. SAMPLE (CRT) DISPLAY DRAWING
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prov e d  a d e q u a t e  for d i s c r i m i n a t i o n  of each sample. 
Graphs (See A p p e n d i x  C and Ap p e n d i x  D) and data 
ta b l e s  (See A p p e n d i x  A and A p p e n d i x  B) are included 
for each s i g n a t u r e  g r o u p  (40 g r o u p s ) .
1.3.2 Proc e s s  Illustration.
Nine r e f l e c t a n c e  s i g n a t u r e s  w e r e  compiled for the 
mine r a l  s p o d u m e n e  (See Fi g u r e  4). The signature 
g r oup was zero r e f e r e n c e d  (See F igure 5) and 
e n v e l o p e d  (See F i g u r e  6). R e f l e c t a n c e  values for the 
zero r e f e r e n c e d  s i g n a t u r e s  e x h i b i t  an aver a g e  spread 
of a b o u t  15 grey levels, or about six perc e n t  of the 
a v a i l a b l e  c a m e r a  r e s olution. If raw s i g n a t u r e s  are 
enveloped, and the e n v e l o p e  is th e n  zero referenced, 
e r r o n e o u s  v a lues r e s u l t  (See F i g u r e  7), b e c a u s e  the 
two e x t r e m e  white image light level values are 
a p p l i e d  to e v e r y  o t h e r  pair of e n v e l o p e  values, 
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1.3.3 Sa m p l e  D i s c r i m i n a t i o n .
Similarly, zero r e f e r e n c e d  e n v e l o p e s  (See 
A p p e n d i x  E) were a s s e m b l e d  for the top row of five 
s a m p l e s . The e n v e l o p e s  were c o m p a r e d  to reveal 
w a v e l e n g t h s  that e x h i b i t  u n ique e n v e l o p e  values (See 
Figure 8, and F i g u r e  9) for ea c h  s a m p l e  type. 
M u l t i p l e  w a v e l e n g t h s  were s e l e c t e d  for samples with 
e n v e l o p e s  e x h i b i t i n g  clo s e  s i m i l a r i t y  (See Figure 
10). "Paint" images were c o m p i l e d  and e x a m i n e d  for 
each sa m p l e  to d e t e r m i n e  w h ich w a v e l e n g t h s  enable 
best d i s c r i m i n a t i o n . S e c o n d  and t h i r d  gen e r a t i o n  
pai n t  images were c o m p i l e d  by c o m b i n i n g  v a r i o u s  paint 
images to p r o d u c e  c o m p o s i t e  r e s u l t s  and to i llustrate  
a p o r t i o n  of the p o t e n t i a l  for vein d i s c r i m i n a t i o n . 
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1 . 3.4 Blind Test:.
R e f l e c t a n c e  s i g n a t u r e s  were compiled (See Figure 
1 0 ) for s e v e n  pixels r e s i d i n g  within a circ l e d  spot 
on t he (stibnite #1) b l i n d - t e s t  sample. The
s i g n a t u r e s  were zero r e f e r e n c e d  (See Fi g u r e  11), and 
e n v e l o p e d  (See F igure 12) . Then, each color image 
p i xel was zero r e f e r e n c e d  and c o m pared with stored 
s t i b n i t e  e n v e l o p e  values, for wet s t i b n i t e  samples, 
for the same wave l e n g t h  (color) . Each matching 
pixel was a s s i g n e d  " p a i n t b a c k  grey level 250", while 
u n m a t c h e d  pixels r e t a i n e d  their o r i ginal value. 
Then, both were co p i e d  to a "Paint Image". The 
b l i n d - t e s t  image " P a i n t . 909" (See F igure 11) exhibits 
a b o u t  47.7 percent p a i n t b a c k  (grey level 250) 
c o v e r a g e  of the blind t e s t  mineral, along with about 
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Figure 11. BLIND TEST RAW SIGNATURE GRAPH
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F i g u r e  14. B L I N D  T E S T  PAINT IMAGE 909
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C hap t e r  2. A P P L I C A T I O N S
2.1 Vein Following:
Two capabilities/ nature and location, appear 
e s s e n t i a l  to image based e l e c t r o n i c  vein following. 
M i n e r a l i z e d  areas of interest m u s t  be d i s c r i m i n a t e d 
from c o u ntry r o c k , and the p o s i t i o n  of d i s c r i m i n a t e d  
areas must be d e t e r m i n e d  with r e s p e c t  to some useful 
image reference. Bo t h  must be det e r m i n e d  under 
natural c o n d i t i o n s . In short, the questions are 
"What is there?", and "Where is it?". This r e search
d e m o n s t r a t e s  usable answers to both q u e s t i o n s .
R e f l e c t a n c e  s i g n a t u r e s  for ea c h  mineral examined 
e x h i b i t  some c h a r a c t e r i s t i c  u nique to their 
r e s p e c t i v e  mineral (cr rock), for both flooded 
(submerged in water) samples and dry samples. The 
u n i q u e  c h a r a c t e r i s t i c s  may be s e l e c t i v e l y  applied to 
allow s p e c i f i c  d i s c r i m i n a t i o n . B r i g h t n e s s  v a r iance
is o f f s e t  through zero referencing. Paint image
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results for w a v e l e n g t h  821 angstroms/ for the s ample 
d i s c r i m i n a t i o n  analysis, e x h i b i t  about 74.1 p e r cent 
c o v e r a g e  for the m ineral s t i b n i t e  (by analysis), with 
less than one percent s c a t t e r  c o v e r a g e  (See F i g u r e  F 
6 8 ). The c a l c u l a t e d  p o p u l a t i o n  c e n t r o i d  for all
pixels of grey level 250, for p a i n t b a c k  image 821,
falls at pixel address, row 212, c olumn 355.
2.2 S u r f a c e  Assay:
S u r f a c e  assay d e m a n d s  a n s w e r s  to the q u e s t i o n s  of 
n a t u r e  and proportion. If a q u a n t i t y  of ore is 
a n a l y z e d  to d e t e r m i n e  the n a t u r e  and p r o p o r t i o n  of 
m i n e r a l i z a t i o n  with r e s p e c t  to s a m p l e  weight, and the 
a na l y s i s  is c o n d u c t e d  w i t h i n  c e r t a i n  i n d u s t r y  rules, 
that process may c o n s t i t u t e  o r d i n a r y  v o l u m e t r i c  
assay. Similarly, if the s u r f a c e  of an ore s a m p l e  
is a n a l y z e d  to d e t e r m i n e  the n a t u r e  and p r o p o r t i o n  of 
s u r f a c e  m i n e r a l i z a t i o n  with r e s p e c t  to t o t a l  s u r f a c e  
area, that process may c o n s t i t u t e  s u r f a c e  assay.
Paint Image 821 e x h i b i t s  a b o u t  74.1 p e r c e n t  
c o v e r a g e  for s t i b n i t e  m i n e r a l  (by analysis). 
Por t i o n s  of the b a c k i n g  b o a r d  e x h i b i t  m i n o r  r andom
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coverage. A "total of 5478 pixels., for "the 245,760 
pixel image, fall w i t h i n  the s t i b n i t e  e n v e l o p e  for 
w a v e l e n g t h  821 angstroms. Thus, the ide n t i f i e d
s t i b n i t e  mineralization, i n c l u d i n g  scatter, comprises 
a b o u t  2.2 percent of t h e  image scene. R e p e a t a b l e  
p a i n t b a c k  densities of a b o u t  45 p e r c e n t  were noted 
v i s u a l l y  for s t i b n i t e  (wavelength 821 angstroms) 
d u r i n g  six separate t h ird party check t e s t s .
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Chap t e r  3. L I T E R A T U R E  REVIEW
3 .1 T e c h n i c a l :
G e n e r a l l y , n a t u r a l  rocks and m i n e r a l s  are known 
to e x h i b i t  sp e c t r a l  p r o p e r t i e s  u n i q u e  to their 
i n d i v i d u a l  c r y s t a l l i n e  s t r u c t u r e  under m u l t i s p e c t r a l  
l ighting, and e a c h  m a y  be i d e n t i f i e d  through 
e x a m i n a t i o n  of t h o s e  s p e c t r a l  properties.
H u n t  (1970-76) d o c u m e n t e d  un i q u e  continuous 
m u l t i s p e c t r a l  s i g n a t u r e s  for about 1100 carefully
s e l e c t e d  rock and m i n e r a l  samples under laboratory
c o n d i t i o n s  d uring the 1 9 7 0 's. Hunt compiled
c o n t i n u o u s  s p e ctral s i g n a t u r e s  by r e c o r d i n g  the 
c h a n g i n g  light e m i s s i o n  fr o m  samples d u r i n g  variation 
of the wave length of the s p e ctral b o m b a r d m e n t . Hunt 
did n o t  apply that t e c h n o l o g y  to d i s c r i m i n a t i o n  of
u n k n o w n  minerals, or to vein following. Most
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subsequent: m u l t i - s p e c t r a l  wo r k  ref e r e n c e s  Hunt's
p u b l i c a t i o n s .
Chiou (1984), t h r o u g h  work with NASA, 
d e m o n s t r a t e d  c l a s s i f i c a t i o n  of s i m u l a t e d  signatures 
for clay m i n erals from h y p e r s p e c t r a l  image analysis.
G l e i c h m a n  (1984), p r o p o s e d  details d e p i c t i n g  a 
s c a n n e r  with data p r o c e s s i n g  flow charts for 
a c q u i s i t i o n  and a s s e m b l y  of m u l t i s p e c t r a l  i m a g e s .
Smith and others (1985), t h r o u g h  the i r  work at 
the U n i v e r s i t y  of W a s h ington, a c c o m p l i s h e d  limited 
m u l t i s p e c t r a l  i d e n t i f i c a t i o n  of si n g l e  p a r t i c l e  size, 
pure l a b o r a t o r y  p r e p a r e d  c l a y  s a m p l e s . Smith's 
c o n c l u s i o n s  i n d i c a t e  th a t  "more focus is nee d e d  on 
q u a n t i t a t i v e  s p e c t r a l  mod e l s  ... to p r o d u c e  an 
a c c u r a t e  analysis".
G o e t t i n g  and Lyon (1986), t h r o u g h  t h eir work at 
S t a n f o r d  University, a t t e m p t e d  i d e n t i f i c a t i o n  of clay 
m i n e r a l s  from s p e c t r o r a d i o m e t e r  data in the near 
i n f r a r e d  area of the spectrum, by use of s i g n a t u r e 
f e a t u r e  c o d i n g .
B a r n a r d  and C a s a s e n t  (1988), t h r o u g h  their work 
with SDI at C a r n e g i e  M e l l o n  University, a t tempted 
d e t e r m i n a t i o n  of the c o m p o s i t i o n  of an u n k n o w n  input 
mixture, given the s p e c t r a  of a nu m b e r  of elements.
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T h eir work used s p e c t r a l  data from J P L , and results 
were t ermed " i n c o n c l u s i v e " .
Jet P r o p u l s i o n  L a b o r a t o r y  (JPL) (1989), proposed 
a neural net so f t w a r e  s i m u l a t i o n  system to classify, 
cluster, and i d e n t i f y  m o n t m o r i 1 Ion i t e  mineral 
mix t u r e s  from s p e c t r o m e t e r  signature d a t a  for the 
spe c t r a l  region 2.0 to 2.5 microns, in c o n junction 
with re s e a r c h  efforts for SDI and the p r o p o s e d  Mars
Rover project.
Ma r t i n  M a r ietta C o r p o r a t i o n  (MMC) (1989), has 
i n v e s t i g a t e d  p r o c e s s e s  f o r  m u l t i s p e c t r a l
d i s c r i m i n a t i o n  of p a r t i c u l a t e  material in co n j u n c t i o n  
with the Mars Rover p r o j e c t  and o n g o i n g  planetary  
e x p l o r a t i o n  e f f o r t s .
3.2 Exi s t i n g  S y s t e m s :
Several systems a nd t echniques have b e e n  proposed 
and d e v e l o p e d  for r e m o t e  i d e n t i f i c a t i o n  of surface
minerals, and a few s y s t e m s  have p r o g r e s s e d  beyond
i d e n t i f i c a t i o n  to incl u d e  q u a n t i f i c a t i o n  of 
m i n e r a l i z a t i o n  and o t h e r  s urface f e a t u r e s .
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M o n r o e  (Pat. No. 4 , 4 4 9 , 0 4 7 ) , ( 1 9 8 4 ) ,  d e v e l o p e d  a 
p u l s e d  u l t r a v i o l e t  s c a n n e r  for a i r b o r n e  use, capa b l e 
of s e n s i n g  return f l u o r e s c e n c e  and s t o r i n g  the data 
for later retrieval, processing, and interpretation. 
His work was p e r f o r m e d  in the 1 9 5 0 's, s u b m i t t e d  for 
pat e n t  in the 1 9 6 0 's, and h e l d - u p  for n a t ional 
d e f e n s e  reasons. M o n r o e ' s  work c o n s t i t u t e s  the 
f o r e r u n n e r  of modern s a t e l l i t e  s c a n n e r  s y s t e m s .
G o etz (Pat. No. 4 , 5 6 0 , 2 7 5 ) , ( 1 9 8 5 )  d e v e l o p e d  a 
s e l e c t a b l e  field s p e c t r o m e t e r  with m i c r o p r ocessor, 
memory, st o r e d  signatures, and display, for ope r a t o r 
c o m p a r i s o n  and i n t e r p r e t a t i o n  of s i g n a t u r e s  for 
s u r f a c e  m i n e r a l i z a t i o n .  R a n g e  for the d e v i c e  appears 
to be a b o u t  two i nches with a f i e l d  of view of less 
than two i n c h e s .
S o b o l e v  (Pat. No. 4 , 7 7 4 , 4 6 9 ) , ( 1 9 8 8 )  used 
m u l t i f r e q u e n c y  s i g n a t u r i n g  of s h o c k  waves to i d entify 
k n own (drilled and assayed) m i n e r a l s  in a rock mass 
(massive ore body). His c o n c l u s i o n s  a p p e a r  very well 
s u p p o r t e d  by his d a t a .
D u r i n g  the past few months, a p l e t h o r a  of 
s p e c i f i c  imaging a p p l i c a t i o n s  have a p p e a r e d  in 
s c i e n c e  and t e c h n i c a l  journals. Most n o t a b l e  is a 
m i l i t a r y  thermal i n f r a r e d  s p e c t r a l  i m a g i n g  system
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d e p l e t e d  in the February, 1992, issue of "Sensors
Magazine" (Orlove, 1992). The noted sy s t e m  does not
a p pear suitable for mineral d i s crimination, or 
u n d e r g r o u n d  vein f o l l o w i n g  a p p l i c a t i o n s .
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C h a p t e r  4. BASIS
4.1 S p e c t r a l  Window:
The e l e c t r o m a g n e t i c  s p e c t r u m  (BDM International 
Inc. , 1984) is known to e x t e n d  at least from short
wavelength, high energy, G a m m a  rays (10 E-16 meters
wavelength) to long w a v e length, low energy, ELF 
t r a n s m i s s i o n s  (10 E +8 m e t e r s  wavelen g t h ) .
No a v a i l a b l e  e q u i p m e n t  allows unilateral 
e x a m i n a t i o n  of the e n t i r e  spectrum. Therefore, 
s e l e c t i o n  of s p e c i f i c  e q u i p m e n t  limits spectral 
a n a l y s i s  to s o m e  win d o w  w i t h i n  t he total spectrum.
The J a v e l i n  #2362 C C D  c a m e r a  used in these 
e x p e r i m e n t s  is e q u i p p e d  w i t h  an o p t i c a l  glass l e n s . 
O p t i c a l  glass is not very t r a n s p a r e n t  to w a v e l e n g t h s  
i m m e d i a t e l y  b e low 390 a n g s troms, or i m m e d i a t e l y  above 
1,100 a n g s t r o m s  (See F i g u r e  15), (Javelin, 1989). 
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to a range e x t e n d i n g  from the b l u e - u l t r a v i o l e t  
i n t e r f a c e  near 390 a n g s t r o m s  wavelength, t h r o u g h  the 
v i s i b l e  light region, into the near i n f r a r e d  region 
near 1,100 angstroms w a v e l e n g t h .
4.2 R e c o r d a b l e  S p e c t r a l  E m i s s i o n s :
Generally, the b l a c k  a nd white CCD c a m e r a  allows 
r e c o r d i n g  of a total l i g h t  emi s s i o n  level for each 
pixel area of an i l l u m i n a t e d  crystal structure. Those 
e m i s s i o n s  may be c o m p r i s e d  of three components, (1 ) 
l i g h t  r e f l e c t e d  from the c r y s t a l  structure, (2 ) light 
t h a t  p asses through the c r y s t a l  structure, and (3) 
l i g h t  that is a b s orbed by the crystal s t r u c t u r e  and 
ree m i t t e d .  The c o m p o n e n t s  are c o mmonly r e f e r r e d  to
as reflectance, r e f r a c t a n c e ,  and l u m i n e s c e n c e  
(Herculese, 1966).
R e f l e c t a n c e  a p p e a r s  to be by far the l argest 
compon e n t ,  pro b a b l y  c o m p r i s i n g  more than 95 p e r c e n t  
of t h e  total emission, a nd its i n t e n s i t y  a p p e a r s  to 
d e p e n d  most on i l l u m i n a t i o n  l e v e l s .
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R e f r a c t a n c e  is u s u a l l y  a small component: probably 
c o m p r i s i n g  no more than a few perc e n t  of the total 
e m i s s i o n  , and appears d e p e n d e n t  on the ref r a c t i o n  
index for the crystal structure. R e f r a c t i o n  levels 
a p p e a r  to c o mprise about 4 perc e n t  (10 light levels) 
of the total r e c orded em i s s i o n  for several mineral 
s i g n a t u r e s .
L u m i n e s c e n c e  (Herculese, 1966) includes two light 
e m i s s i o n  pheno m e n a  of interest for this t h e s i s . The 
fi rst is fluorescence, a process by w h ich certain 
crys t a l  s t r u c t u r e  may c o n t i n u o u s l y  a b s o r b  light 
e n e r g y  at a b o m b a r d m e n t  wave length, and r eemit 
p h o tons at the same wave length or some o t her wave 
length. Since photon e m i s s i o n  u s u a l l y  d e n o t e s  rele a s e  
of a s p e c i f i c  amount of energy, a s p e c i f i c  color is 
implied. Color may be likened to wave length and 
e n e r g y  level within the visi b l e  p o r t i o n  of the 
spectrum. F l u o r e s c e n c e  occurs at the time of
e x c i t a t i o n .
P h o s p h o r e s c e n c e  deno t e s  a s i m i l a r  a b s o r p t i o n  - 
r e e m i s s i o n  process w h e r e b y  photons are e m i t t e d  after 
e x c i t a t i o n  is ceased (Herculese, 1966). E x p e r i m e n t s  
for this thesis were c o n d u c t e d  u n d e r  a ctive lighting. 
Thus the effects from p h o s p h o r e s c e n c e  do not apply.
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L u m i n e s c e n c e  p r o p e r t i e s  fo r min e r a l s  are well 
e stabli s h e d .  Barnes e x a m i n e d  the e n t i r e  study 
c o l l e c t i o n  of the U.S. N a t i o n a l  Museum (about 200,000 
specim e n s )  and c a t a l o g u e d  l u m i n e s c e n c e  f or about 1500 
s p e c i m e n s  r e p r e s e n t i n g  about 75 mineral species 
(Barnes, 1958).
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Ch a p t e r  5. C O N S T R A I N T S
5.1 H a r d w a r e :
Generally, m a c h i n e  m o u n t e d  g u i d a n c e  h a r dware 
s h o u l d  remain d i s t a n t  e n o u g h  from c u t t i n g  s u r faces to 
avoid large rock chips and a l low m a c h i n e  m a n e u v e r s . 
O p e r a t i n g  times to e s t a b l i s h  m a c h i n e  aim s h o u l d  be 
short. E q u i p m e n t  s h o u l d  be ch i p  resistant, and 
g u i d a n c e  should be c o n s i s t e n t  and accurate. In short,, 
t h ese c o n s t r a i n t s  are range, speed, and reliability.
5.2 R a n g e :
E f f e c t i v e  r a n g e  for v i d e o - b a s e d  vein
d i s c r i m i n a t i o n  a p p e a r s  b r a c k e t e d  w i t h i n  two p r o m i n e n t  
c o n s t r a i n t s : (1 ) the c l o s e s t  p o s i t i o n  f or w h ich the
c a m e r a  may be focused, and (2 ) the most remote
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p o s i t i o n  for which r e s o l u t i o n  is s u f f i c i e n t  for 
i d e n t i f i c a t i o n  of minerals. If the f ormer is
e x c e e d e d , then i n d i vidual pixel light levels may 
incl u d e  u n f o c u s e d  a d j a c e n t  light. If the camera is 
too r e m o t e , then each pixel covers a larger rock
su r f a c e  area, such that pixel light level values may
be p r o g r e s s i v e l y  d i l u t e d  to an aver a g e  for the 
m u l t i p l e  mate r i a l s  wit h i n  the broad pixel as range 
i n c r e a s e s . T h e r e f o r e  r a n g e  must be viewed a primary 
c r i t e r i a  for selec t i o n  of r e s o lution c a p a b i l i t y  for
the camera. If pixel dimens i o n s  are so large as to
c o n v e y  a v e r a g e d  light levels for a mixture, then 
g r e a t e r  r e s o l u t i o n  is indicated.
5 . 3 S p e e d :
S p eed may be viewed as the a m o u n t  of time 
r e q u i r e d  for p r o c e s s i n g  of images and i d e n t i f i c a t i o n  
of the vein. Thus p r o c e s s i n g  time may be redu c e d  and
speed i n c r e a s e d  if the q u a n t i t y  of data is reduced. 
Data r e d u c t i o n  may be a c c o m p l i s h e d  d i r e c t l y  by use of 
f e w e r  filt e r s  (fewer i m a g e s ) . Many veins can
p r o b a b l y  be i d e n tified by use of fewer than six (6 )
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filters, if each is s e l e c t e d  to h i g h l i g h t  p r o m i n e n t l y  
c o n t r a s t i n g  env e l o p e  f e a t u r e s  for the m i n e r a l s  of 
interest. Blind test d i s c r i m i n a t i o n  of s t i b n i t e  was 
s u c c e s s f u l l y  c o m p l e t e d  with use of a si n g l e  filter
and all samples were d i s c r i m i n a t e d  with use of four 
or f e w e r  filters.
5.4 Reliability:
U n d e r g r o u n d  m i n i n g  e q u i p m e n t  a p p l i c a t i o n s  
g e n e r a l l y  demand t o l e r a n c e  f or vibration, dust,
smoke, moisture, and m i n o r  rock ch i p  impact.
S t r o n g  camera v i b r a t i o n  may have t he e f f e c t  of
s k e w i n g  s u c c e s s i v e  images such t h a t  a s e l e c t e d  pixel 
ad d r e s s  may not r e p r e s e n t  the s a m e  f a c e - t a r g e t  pixel 
in e a c h  spectral i m a g e . This e ffect r e s u l t s  in 
r e d u c t i o n  of the size of i d e n t i f i e d  m i n e r a l i z e d  areas 
by way of e r o s i o n  of the edges of each area.
If s u b s t a n t i a l  dust d e p o s i t s  a dhere to the rock 
face, then the u n d e r l y i n g  rock and mineral 
c h a r a c t e r i s t i c s  may be o b s c u r e d  and i d e n t i f i c a t i o n
stymied, and water s p r a y  is indicated. D u s t  d e p o s i t s
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on lens or lamp may tend to reduce image quality, and 
a dust cover is i n d i c a t e d .
For autonomous mining, smoke may u s u a l l y  consist 
of oil particles from rele a s e  of c o m p r e s s e d  air 
t h r o u g h  oily machinery, along with c o m b ustion 
p r o d u c t s  from engine operation. O r d i n a r y  mach i n e  oil 
smoke is absorptive near 1,400 angstroms, and (C02) 
c o m b u s t i o n  products are absorp t i v e  near 1,400 
a n g s t r o m s  and 1,900 a n g s t r o m s  in the NIR spectrum 
(Rudd, 1974). Both r e s i d e  outside the s p e c t r a l  range 
for these t e s t s . W a ter v a p o r  is a b s o r p t i v e  near 780 
a n g s t r o m s  (Rudd, 1974) and the effect is p r o m i n e n t l y  
v i s i b l e  when wet and dry s i g n a t u r e  g r oups are 
c o m p a r e d  (See A p p e n d i x  C and Ap p e n d i x  D). Filters 
s h o u l d  be selected to a v o i d  the noted b a n d s .
A i rborne m o i s t u r e  is hi g h l y  reflective, as all of 
us have noted on pa s t  foggy nights, and may serve to 
level the grey level va l u e s  for all pixels, such that 
the image is p r o g r e s s i v e l y  w a s h e d - o u t  w ith inc r e a s i n g  
reflectance. Wet ro c k  e f f e c t s  are d e f i n e d  in "Test 
R e s ults" below, a nd a p p e a r  to e n h a n c e  overall 
d i s c r i m i n a t i o n  .
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Chap t e r  6 . S A M P L E S
6 .1 Mine r a l  and Rock S a m p l e s :
The m i n eral and ro c k  s a m p l e  set cons i s t  of a 
c o l l e c t i o n  of about 70 n a t u r a l  c r y s t a l l i n e  solids
c o m m o n  to n a r r o w - v e i n  and h a r d  rock mining. The 
s a m p l e  set is viewed as r e p r e s e n t a t i v e  of main s t ream 
n a r r o w  vein mining, but less than comprehensive. 
I n d i v i d u a l  samples r a n g e  in s i z e  from about 1/4 inch 
to a b o u t  two inches m i n i m u m  dimension. Each sample
was i d e n t i f i e d  by v i s u a l  e x a m i n a t i o n ,  with r e f e r e n c e  
to a m i n e r a l o g y  h a n d b o o k  (Sinkankas, 1964), and 
i d e n t i f i c a t i o n  was r e v i e w e d  and c o n f i r m e d  by Roland 
Schmidt, and others k n o w l e d g e a b l e  in the f i eld of
miner a l o g y .  Poor s a m p l e s  and q u e s t i o n a b l e  samples  
were r e j e c t e d  d uring t he i d e n t i f i c a t i o n  and review  
p r o c e s s  . All of the i n d i v i d u a l  rock and mineral 
s a m p l e s  were wa s h e d  to r e m o v e  dust and loose
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particles, and allo w e d  to dry prior to imaging.
Samples at t a c h e d  to the sa m p l e  board we r e  freshly 
broken, and unwashed. W a s h i n g  p r e d i c t a b l y  r e s ulted 
in m o d erate d e g r a d a t i o n  of the h a l i t e  sample. Formal 
assays were not p e r f o r m e d  on any sample. Sample 
Board samples are p r e s u m e d  n u m b e r e d  from top down for 
each column with m a r b l e  s a m p l e s  a r r a y e d  along the 
left edge of the board (See Fi g u r e  2 and F i g u r e  3).
6 .2 Vein S a m p l e s :
Host rock samples, v i s u a l l y  d i s p l a y i n g  narrow 
vein sections and m i n e r a l i z e d  streaks, w e r e  hand 
g a t h e r e d  from fres h l y  d u m p e d  muck piles o u t s i d e  Lord 
Byron Gold Mine #2, near Idaho Springs, Colorado.
Each rock s ample was hand w a s h e d  and the m i n e r a l i z e d  
regions were c l o s e l y  e x a m i n e d  w i t h  aid of a hand lens 
to d e t e r m i n e  the vein c o n s t i t u e n t s .
The p r o m i n e n t  vein s e c t i o n  c o n s t i t u e n t s  for the 
most r e p r e s e n t a t i v e  s a m p l e s  are quartz, galena, iron 
pyrite, and sphalerite, in o r d e r  of d e c r e a s i n g  
presence. Assay sheets, p r o v i d e d  by the mine
manager, i n d icate the p r e s e n c e  of galena, iron
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pyrite, and s p h a l e r i t e  in order of d ecreasing 
p e r c e n t a g e  of mineralization.
6.3 S ample Board:
T w e n t y  f r e shly b r oken rock and mineral samples
were cemented onto an 8 1/2 " x 1 1 " flat black
(painted) plastic b a c k i n g  sheet. The samples are 
a r r a n g e d  in five c o l u m n s  compr i s e d  of four samples
ea c h  of marble, marcasite, c h a l c o p y r i t e , stibnite, 
and coal (See F i g u r e  2). Samples are a s s u m e d  to be
n u m b e r e d  from top to bottom for each c olumn with
m a r b l e  samples at left (See F i gure 3). Coal oil was 
v i s i b l e  on some coal s u r f a c e s  until the sa m p l e  board
was f l o o d e d  for wet s a m p l e  analysis. Min o r  embedded 
i m p u r i t i e s  were v i s i b l e  on m a r c a s i t e  samples, and
i m p u r i t i e s  and c o l o r  streaks were noted for the
c h a l c o p y r i t e  s a m p l e s .
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C h a p t e r  7. P R O T O T Y P E  SYSTEM
7.1 Lighting:
Early m u i t i s p e c t r a l  Images were c o m p i l e d  under 
v a r i o u s  lig h t i n g  ar r a y s  i n c l u d i n g  incandescent, 
f l uorescent, and s l i d e  p r o j e c t o r  lamp, in c o m b i n a t i o n  
and separately. L a t e r  i m ages c o m p r i s i n g  the bulk of 
the m u l t i s p e c t r a l  i m a g e  data base, and all wet s ample 
images, and blind t e s t  images, were c o n d u c t e d  under 
i n d u s t r i a l  q uartz lamp i l l u m ination. Specifically, 
the p r e p o n d e r a n t  l i g h t i n g  s o u r c e  used was the dual 
120 volt, 500 watt, q u artz u t i l i t y  lighting 
m a n u f a c t u r e d  by Dayton, with S y l v a n i a  tun g s t e n  
h a l o g e n  qu a r t z  bu l b  r a t e d  at 120 volts, both 
a v a i l a b l e  fr o m  W.W. G r a i n g e r  (1988 catalogue, item 
no. 2V776 lamp assembly, and 2V384 bulb) . Best 
s p e c t r a l  u n i f o r m i t y  was n o t e d  u n d e r  s l ide p r o j e c t o r  
lamp illumination. However, p r o j e c t o r  lamp
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i l l u m i n a t i o n  is d e e m e d  less d e s i r e a b l e  beca u s e  a lens 
is required, the field of i l l u m i n a t i o n  is narrow, and 
the bulb is d e l i c a t e .
7.2 C a m e r a :
All images were c o l l e c t e d  using the Javelin 
2362A, 12 volt, b l ack & w h i t e  digital camera, with
HE98241 image sensor chip ( 586H x 485V pixels), 8 bit 
r e s o l u t i o n  capable of 256 grey levels, and RS-170 
i n t e r f a c e  cable. The c a m e r a  was e q u i p p e d  with a 12 
volt, "C" mount, auto iris TV lens (H A G 1 2 1 2 A P C ) , with 
m a nual focus and s e p a r a t e  12 volt power transformer. 
Both the lens optic and the s e n s o r  p r o t e c t i o n  window 
for the camera are c o n s t r u c t e d  of glass, such that 
e f f e c t i v e  camera r e s p o n s e  is r e s t r i c t e d  to 
a p p r o x i m a t e l y  the o p t i c a l  glass s p e c t r a l  window 
d e p i c t e d  in Figure 14 (Javelin, 1989), e x t e n d i n g  from 
near 400 angstroms to a b o u t  1,100 angstroms.
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7.3 F r ame Grabber;
All pixel images w e r e  a c q u i r e d  usi n g  a MetraByte 
b r and 512 x 512 pixels, 8 bit: r e s o lution, model MV1- 
170 v i d e o  frame g r a b b e r  board s u i t a b l e  for use with 
the IBM PC/XT/AT or com p a t i b l e s .  The board occupies 
one full (13.3" long x 4.25" high) slot, and requires 
5 VDC @ 2.5 amps. Image i n f o r m a t i o n  s t o r a g e  on the 
b o ard is by 256 pixel w i d e  q u a d r a n t  b e g i n n i n g  at the 
u p per left, then u p per right, l o w e r  left, and lower 
r i ght quadrant. Each q u a d r a n t  is 240 pixels high. 
T r a n s f e r  of an image f r o m  the d i g i t a l  c a m e r a  onto the 
f r a m e  grabber board r e q u i r e s  a b o u t  5 to 6 seconds 
e l a p s e d  time. A c q u i r e d  images are 2 4 5 , 7 6 0  bytes in 
size .
7.4 Filters;
The filter set c o n s i s t s  of 45 narrow band 
filters, m a n u f a c t u r e d  by B a l z e r s  Corporation, and 
c o v e r i n g  portions of the v i s i b l e  and n e a r - i n f r a r e d  
s p e c t r u m  e x tending f r o m  390 angstroms, t hrough 920
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a n g s t r o m s . Band w i d t h  and wa v e  length
c h a r a c t e r i s t i c s  were c h e c k e d  and t a b u l a t e d  for each 
f i l t e r  within the v i s i b l e  light range (390 angs t r o m s  
to 780 angstroms). O b s e r v e d  band w idths a v e r a g e d  
ab out 10 nanometers, and no s i g n i f i c a n t  band width 
d e v i a t i o n  was noted. T h ree filters were found 
s t e n c i l e d  (factory stencil) with an i n c o r r e c t  wave 
length. The f ilter set was a r r a n g e d  in o r d e r  of 
in c r e a s i n g  actual wave length and i n c o r r e c t  stencils 
were ignored d u r i n g  the e x p e r i m e n t s .
7.5 Computer:
The system uses an IMS 80286, 12 MHz, personal
c o m p u t e r  with 640K RAM, ROM Bios v e r s i o n  3.07 by
P h o e n i x  T e c h n o l o g i e s  Ltd., MS-DOS v e r s i o n  4.0, Mouse 
s y s t e m  version 5.03 by M e t r a B y t e  C o r p o r a t i o n ,  and 
e n h a n c e d  graphics d r i v e r  Rev. 4.2 by M e t r a B y t e  
Corporation. The c o m p u t e r  is e q u i p p e d  with a 40 
m e g a b y t e  hard disk drive, and slo t s  are p r o v i d e d  for
5 1/4" floppy disk and tape backup. O p e r a t i o n  of the
c o m p u t e r  with the f r a m e  g r a b b e r  b o ard and p r o t e c t i v e  
case installed c o n s i s t e n t l y  r e s u l t e d  in o v e r h e a t i n g
T4045 47
of e l e c t r i c a l  boards and o ccasional erratic 
o peration, such that most e x p e r i m e n t s  were conducted
with the c o m p u t e r  p r o t e c t i v e  case r e m o v e d .
7.6 Vendor Software:
M e t r a B y t e 's V i sion O p e r a t i n g  Sy s t e m  (VOS) 
s o f t w a r e  was used for m a n i p u l a t i o n  of the camera and 
f r a m e  g r a b b e r  in c o n j u n c t i o n  with image acquisition, 
storage, and inspection. The VOS s o f tware consists
of an icon based m u l t i - w i n d o w  s t r u c t u r e  acc e s s e d  by
a m o u s e  (or oth e r  p o i n t e r ) . Displ a y e d  images are 
p a i n t e d  from the f r a m e  g r a b b e r  to the analogue 
m o n i t o r  at about 30 f rames per s e c o n d .
7.7 P r o g r a m s :
Data a c q u i s i t i o n  p r o g r a m s  were written in PASCAL 
l a n g u a g e  to read g r e y  l e v e l s  (See Figure G 75) from 
i n d i v i d u a l  images, c o m b i n e  the grey level
i n f o r m a t i o n  into m u l t i s p e c t r a l  (m u l t i -i m a g e )
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s i g n a t u r e  form (See F i g u r e  G 76), and zero r e f e r e n c e  
and e n v e l o p e  s e l e c t i v e  s i g n a t u r e  information.
A n a l y s i s  pr o g r a m s  w e r e  w r i t t e n  to read image grey 
level data, zero r e f e r e n c e  the data, and c o m p a r e  it 
to s t o r e d  e n v e l o p e s  for k n o w n  minerals, and to cre a t e  
a r e d i s p l a y  image of r e s u l t s  (See Figure G 77).
M a n i p u l a t i o n  p r o g r a m s  were written to read, 
modify, and combine r e d i s p l a y  images (See Fi g u r e  G 
78), and to c a l c u l a t e  the c e n t r o i d  for p a i n t e d  areas 
(See Fi g u r e  G 79).
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Chapter 8 . METHOD
8.1 Image Acquisition, Storage, Retrieval:
D igital image b o oks were g e n e r a t e d  for selected
ore samples, vein samples, gra n u l a r  mixtures, the 
sa m p l e  board, and b l i n d  test, c o m p r i s i n g  a total of
about 200 megabytes of m u l t i s p e c t r a l  light level data 
for a p p r o x i m a t e l y  40 rocks and minerals. Generally, 
one pixel image was a c q u i r e d  for each narrow band 
f ilter (45 filters), plus one u n f i l t e r e d  (white) 
image to comprise a m u l t i s p e c t r a l  book of 46 images
for each s a mple set. Image size is n o m i n a l l y  512 x 
480 pixels, and the ac t u a l  disk s t o r a g e  r e q u i r e m e n t 
using VOS is 245, 7 6 0  Bytes per digital image. 
Generally, each image was named as an indivi d u a l  file 
using the month and day as the f i l e n a m e  prefix, and
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"the n o m i n a l  wave l e n g t h  in a n gstroms for the fi l t e r  
as the f i l e n a m e  suffix. For e x a m p l e  E : 8 0 2 . 9 2 0
d e s i g n a t e s  an image for wave length 920 angstroms, 
c o m p i l e d  on the s e c o n d  day of august, and stored on 
"E " directory. S p e c i f i c  p r o c e s s e s  for u se of VOS to 
a c c o m p l i s h  acquisition, storage, and r e t r i e v a l  are 
shown in Table 1, and T a ble 2, respe c t i v e l y .  The 
d e s c r i b e d  p r o c e s s e s  are a ssembled from M e t r a B y t e  
s o f t w a r e  i n s t r u c t i o n  materials, a d a p t e d  for this 
hardware, and a n n o t a t e d  for clarity.
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T a ble 1. IMAGE A C Q U I S I T I O N  AND S T O R A G E
C o n n e c t  power for camera, lighting, computer, and 
m o n i t o r s .
P o s i t i o n  ore s a m p l e s .
Hand focus camera.
Move to the DVOS d i r e c t o r y .
Call the Vos system (type V O S ) .
(The icon window s c r e e n  will appear)
(Start) Click mouse (use left button) on "camera" 
w i n d o w .
(Camera menu will appear)
C l i c k  mou s e  on "snap" in c a m e r a  menu.
(Camera will acti v a t e .  Test by p a s s i n g  hand in 
f r ont of camera. M o v e m e n t  will be v i s i b l e  on the
frame monitor)
C l ick mouse on "snap" a s e c o n d  t i m e  to a c q u i r e  the 
i m a g e .
(Wait until i m age is a c q u i r e d  and m o u s e  c r o s s h a i r
r e t u r n s  to screen. R e q u i r e d  t i m e  is u s u a l l y  about
5 to 6 s e c o n d s .)
C l ick mou s e  on "disk" window.
(Disk menu will appear.)
C l ick mouse on "save" in di s k  menu.
(Prompt line will a p p e a r  for an o u t f i l e  name. 
Type in the route and filename.
(Example: Type ( E : \ d l l\802.920) to save the
c u r r e n t  image to t he sub d i r e c t o r y  DLL on E 
directory, and to n a m e  t h e  file with the date
A u g u s t  2nd, and wave l e n g t h  920 a n g s t r o m s  (or a n
a p p r o p r i a t e  date and w a v e  l e n g t h ) ).
V i s u a l l y  check the name. T h e n  p r e s s  enter.
(Wait while the i m a g e  is c o p i e d  f r o m  the frame 
g r a b b e r  to the h a r d  d i s k  (Required time is usually
a b o u t  15 to 17 s e c . ))
Go to (Start) and r e p e a t  each step for the next 




Ta ble 2. IMAGE R E T R I E V A L  AND DISPLAY
C l i c k  mouse on "disk" window.
(Disk menu will appear-)
C l i c k  mouse on "display" in -the disk menu.
(Prompt line will a p p e a r  for- an i nfile name) 
Ty p e  in route and ima g e  name.
(Example: (E:\dll\802.920) to r e t r i e v e  the image
t o r e d  above)
i s u a l l y  check the name. Th e n  press enter.
(Wait and obse r v e  the image moni t o r  as the image
is c o p i e d  from disk s t o r a g e  to the f r a m e  g r a b b e r
by q u a d r a n t s . R e q u i r e d  time is u s u a l l y  a b o u t  9 to
10 s e c .)
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8.2 Noise Suppression:
Oc c a s i o n a l  i r r a t i o n a l  light level v alues arose 
d u r i n g  early p o r tions of the research, when ASCII 
image c h a r a c t e r s  were c o n v e r t e d  to n u m e r i c a l  arrays 
for e x a m i n a t i o n  or processing. The irr a t i o n a l  values 
a p p e a r  to arise from a d d r e s s i n g  i n f o r m a t i o n  inc l u d e d  
in the image data, such that a few n e g a t i v e  values 
and a few very large va l u e s  are o c c a s i o n a l l y  a p p a r e n t  
if the nume r i c a l  array is d i s p l a y e d  or p r i n t e d . Noise 
s u p p r e s s i o n  for this a p p l i c a t i o n  is l i m i t e d  to 
b r a c k e t i n g  of the e r r a n t  values wi t h i n  the 256 grey 
l evels range by r e s e t t i n g  a ny n e g a t i v e  v a l u e  to light 
level zero, and any very large v a l u e  to light level 
255 .
O c c a s i o n a l  br i g h t  (glare) spots a p p e a r e d  on 
o t h e r w i s e  dark m i n e r a l  s u r f a c e s  t h r o u g h o u t  the 
research. The glare (light level = 250) a p p e a r s  to
a r i s e  from crystal s u r f a c e  (mirror) r e flectance. 
G l a r e  was o c c a s i o n a l l y  e l i m i n a t e d  by r e s e t t i n g  any 
ve r y  large grey level v a l u e  to gr e y  level 150.
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8.3 C a m e r a  V i b r a t i o n  & Image Alignment:;
C a m e r a  v i b r a t i o n  appears to have the effect of 
s k e w i n g  one m u l t i s p e c t r a l  image with r e s p e c t  to its 
a d j a c e n t  images such that a sel e c t e d  pixel address on 
the image does not re s u l t  in the same s c ene address 
being read in each image. This effect may degrade
the edges of m i n e r a l i z e d  regions such that a smaller 
m i n e r a l i z e d  r e g i o n  is i d e n t i f i e d  under v i b r a t i o n  than 
for v i b r a t i o n  n e g l i g i b l e  images. If the subject 
m i n e r a l  s t r e a k  is narrow, the v i b r a t i o n  can result in 
f a i l u r e  of i d e n t i f i c a t i o n .  The d e g r a d a t i o n  appears
to o c c u r  from lateral i n s e r t i o n  of n o n m i n e r a l i z e d  
pixel light level values into the multis p e c t r a l  
s i g n a t u r e  f or the m i n e r a l i z e d  pixel under scrutiny by 
m o v e m e n t  of c a m e r a  aim to some u n p l a n n e d  aim point 
such that all image pixels may in effect be 
r e a d d r e s s e d  with r e s p e c t  to a d j a c e n t  s p e c t r a l  images. 
For example, if pixel d i m e n s i o n s  are 0.01 inches x 
0.01 inches as m e a s u r e d  on the scene surface, and 
c a m e r a  v i b r a t i o n  r e s u l t s  in an aim p o int that is 
d i s p l a c e d  0.03 inches on the scene s u r f a c e  when 
c o m p a r e d  to the a d j a c e n t  m u l t i s p e c t r a l  image, in the
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Image book, then the l i g h t  level for- a pixel address 
that is t h ree pixels d i s t a n t  from the desi r e d  address 
may be i n a d v e r t e n t l y  r e a d  for the d e s i r e d  pixel 
address. Thus i d e n t i f i c a t i o n  fail u r e  may r esult when 
aim d i s p l a c e m e n t  a l o n g  the least d i m e n s i o n  of the 
m i n e r a l i z e d  streak on t he s c ene s u r f a c e  e x c e e d s  that 
least dimension. L a r g e r  m i n e r a l i z e d  areas may be 
r e d u c e d  in dime n s i o n  a l o n g  the d i r e c t i o n  of v i bration 
by a b out twice the a im p o i n t  displacement.
S i m p l i s t i c  image a l i g n m e n t  may be a t t a i n e d  by 
c o m p a r i n g  a row and c o l u m n  of the s u b j e c t  image, with 
the sa m e  row and c o l u m n  of a r e f e r e n c e  image, to 
d e t e r m i n e  if t r a n s l a t i o n  of the s u b j e c t  image will 
re s u l t  in an im p r o v e d  row or co l u m n  correlation. 
Since the images are s t o r e d  on, and r e c a l l e d  to, the 
frame g r a b b e r  by quadr a n t ,  a l i g n m e n t  efforts may be 
u n d e r t a k e n  i n d i v i d u a l l y  for each quadrant, or in 
c o m p o s i t e  for the e n t i r e  image. The a l i g n m e n t  method 
d e s c r i b e d  assumes i m a g e  t r a n s l a t i o n  is two 
d i m e n s i o n a l  in the p l a n e  of the image, and does not 
e x c e e d  5% of the i m a g e  d i m e n s i o n  (0.05 x 512 = 25
p i x e l s ) . A right a n g l e  s h a p e  of twice the e x p e c t e d  
t r a n s l a t i o n  (2 x 25 = 50 pixels) is s e l e c t e d  for each 
leg of the a l i g n m e n t  cursor. The cursor is a ligned
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with legs vertical and h o r i z o n t a l . The light levels 
for the pixels of each leg are rec o r d e d  from the 
s ubj e c t  image and the refe r e n c e  (white) image. Each 
of the f i r s t  25 r e corded light levels for the current 
image is subtra c t e d  from the c o r r e s p o n d i n g  light 
level for the r e f e r e n c e  image, and the difference 
values tabulated. The first v a l u e  (lowest row or 
column) of the recorded light levels for the current 
image c u r s o r  string is deleted, and the string is 
o f fset one pixel, and the s u b t r a c t i o n  and t abulation 
process re p e a t e d  until the string has been 
i n c r e m e n t e d  a dis t a n c e  of 25 pixels from the starting 
point. The d e s c r i b e d  process is again r e p e a t e d  while 
s i m i l a r l y  i n c r e m e n t i n g  the c u r s o r  s tring for the 
r e f e r e n c e  image, whi c h  results in incremental 
c o m p a r i s o n  for a d i s t a n c e  of 25 pixels in the 
o p p o s i t e  d i r e c t i o n  from the s t a r t i n g  point. The 
t a b u l a t e d  totals are co m p a r e d  to find the minimum 
value, and the a l g e b r a i c  t r a n s l a t i o n  distance 
r e c o r d e d  for each leg of the c u r s o r  (See Figure 16). 
No ac t u a l  image a l i g n m e n t  is made. Instead, the 
t r a n s l a t i o n  d i stances are a p p l i e d  during e x t r a c t i o n  
of the data from the o f f s e t  image, and the original 
images are ret a i n e d  intact.
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8.4 S p e c t r a l  S i g n a t u r e  Development::
Raw s i g n a t u r e  d e v e l o p m e n t  is a c c o m p l i s h e d  by 
a s s e m b l y  of the l i g h t  level v a l u e s  from a book of 
images for a pixel a d d r e s s  wi t h  respect to wave 
length as follows (See F i g u r e  17). A spe c i f i c  pixel 
a d d r e s s  is s e l e c t e d  c o r r e s p o n d i n g  to a known rock or 
m i n e r a l  . The light level v a l u e  is e x t r a c t e d  from each 
f i l t e r e d  image, and a w h i t e  (unfiltered) image in 
the bo o k  of images for t h a t  s a m e  a d d r e s s . Wave 
l engths are j u d g m e n t a l l y  a r r a n g e d  in d e s c e n d i n g  order 
with r e s p e c t i v e  l i g h t  l e v e l s  o p p o s i t e  wave length. 
The light level for the w h i t e  i m age is arbit r a r i l y  
p l a c e d  a l o n g s i d e  t h e  i n f r a r e d  end of the signature 
and a s s i g n e d  a wave l e n g t h  (930 angstroms) slightly 
g r e a t e r  than the l o n g e s t  w a v e  le n g t h  for filters (920 
a ngstroms) used.
S i n c e  f i n i s h e d  s i g n a t u r e  values must be 
r e p e a t a b l e  in o r d e r  to be useful, and raw s i gnature 
v alues tend to vary with l i g h t i n g  i r r e g u l a r i t i e s  and 
n a t u r a l  s u r f a c e  c o n d i t i o n s ,  s o m e  e f f e c t i v e  light 
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F igure 17. SPECTRAL SIGNATURE DEVELOPMENT
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Raw signa t u r e  a d j u s t m e n t  for a pixel is 
a c c o m p l i s h e d  by a l g e b r a i c  s u b t r a c t i o n  of the white 
image grey level value, for that pixel, from the grey
level value for that pixel for each image in the book
of images, i n c l u d i n g  the white image. Obviously, 
s u b t r a c t i o n  of the w h i t e  image grey level value, from
the white image grey level value, results in a value 
of zero, and s u b t r a c t i o n  of the white image grey 
level value from each of the fil t e r e d  image grey
level values r e s u l t s  in t r a n s l a t i o n  of the entire
s i g n a t u r e  down s c ale until white level is zero, while
r e t a i n i n g  the g e n e r a l  s i g n a t u r e  shape. The res u l t  is 
h e r e a f t e r  r e f erred to as a z e r o - r e f e r e n c e d  s i g n a t u r e 
(See F igure 5).
8.5 Envelope Development;
If a 3 x 3 mask is assumed, and s i g n a t u r e s  are
d e v e l o p e d  and c o m p a r e d  for each pixel in the mask (9 
pixels), some v a r i a n c e  between s i g n a t u r e s  is 
apparent, and the a v e r a g e  v a r i a n c e  for any spe c i f i c
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wave length u s u a l l y  a p p r o x i m a t e s  10 light levels for 
the p r o t o t y p e  sy s t e m  (8 bit = 256 grey l e v e l s ) .
Envel o p e s  are d e v e l o p e d  by taking the h i g hest
value for each wave l ength from the nine s ignatures 
to c r e a t e  a new s i g n a t u r e  w h i c h  bounds the tops of
the s i g n a t u r e  g r o u p , and s i m i l a r l y  taking the lowest 
values to cr e a t e  a s i g n a t u r e  which bounds the 
m i n i m u m s  of the s i g n a t u r e  group, thus en t i r e l y  
e n v e l o p i n g  all nine s i g n a t u r e s  for the mask (See 
Fi g u r e  6 ).
Envel o p e s  s h o u l d  be d e v e l o p e d  only for zero 
r e f e r e n c e d  s i g n a t u r e  g r o u p s . If raw s i g n a t u r e  groups 
are d e v e l o p e d  and enveloped, and the e n v e l o p e  
s u b s e q u e n t l y  zero refer e n c e d ,  t h e  largest e n v e l o p e  
w h ite level value is a p p l i e d  to each maxi m u m  light
level value, and s i m i l a r l y  t h e  s m a l l e s t  env e l o p e  
wh ite level val u e  is a p p l i e d  to t h e  least light level 
v a l u e  at e v e r y  wave l e n g t h  r e g a r d l e s s  of the 
s i g n a t u r e  of origin, g i v i n g  i n c o r r e c t  results (See 
F i g u r e  7). Zero r e f e r e n c e d  e n v e l o p e s  s hould be 
d e v e l o p e d  and s t o r e d  for each ro c k  and mine r a l  of 
i n t e r e s t  -
E n v e l o p e  c o m p a r i s o n  a l l o w s  visual s e l e c t i o n  of 
w a v e l e n g t h s  likely to p r o d u c e  u n i q u e  results for a
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sp e c i f i c  mineral or g r o u p  of m i n e r a l s  (and rocks) 
(See Figure 9). S i m i l a r  e n v e l o p e s  may be t r i m m e d  to 
r e m o v e  overlap and i m p r o v e  u n i q u e n e s s  (See Figure 
18 ) .
8.6 Mineral Identification;
Generally, mine r a l  (and rock) i d e n t i f i c a t i o n  is 
a c c o m p l i s h e d  by c o m p a r i n g  the zero r e f e r e n c e d  
s i g n a t u r e  for an u n k n o w n  pixel, to s t o r e d  enve l o p e s
for known rocks and m i n e r a l s  to d e t e r m i n e  if a match 
e x i s t s .
Theoretically, the light level v a l u e  for each 
wave length for the u n k n o w n  s i g n a t u r e  is c o m p a r e d  to 
each pair of high and low e n v e l o p e  va l u e s  to 
e s t a b l i s h  if it falls w i t h i n  the e n v e l o p e  range. Each 
s i g n a t u r e  value that falls w i t h i n  its r e s p e c t i v e
e n v e l o p e  range is c o u n t e d  to d e t e r m i n e  if the unknown 
s i g n a t u r e  matches t h a t  envelope.
In actual practice, c o m p u t e r  stack c a p a c i t y  and 
s o f t w a r e  c om p i l e r  c a p a c i t y  p r o h i b i t  p r o c e s s i n g  of the 
large array (11 M egabytes) that would be generated, 
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and c o m p i l e r  c a p a c i t y  both p r o hibit numerical 
a r r a y i n g  of e v e n  a single image (245,760 bytes), such 
that data mu s t  be, (1 ) read from an image, (2 ) 
processed, and (3) w r i t t e n  to a file or paint image
on a p i x e l  by pixel basis (for this c o m puter system).
Typ i c a l l y ,  the grey level for a pixel a ddress is
read from a s e l e c t e d  color (filtered) image, and for 
the s a m e  p i x e l  address from a white (unfiltered) 
image. T h e n  the white image grey level v a lue is 
s u b t r a c t e d  f r o m  the color image grey level value and 
the (zero re f e r e n c e d )  r e s u l t  c o m p a r e d  to the env e l o p e 
v alues for the s e l e c t e d  color ( w a v e l e n g t h ) . Grey 
level v a l u e  250 is ass i g n e d  to each pixel that 
matches the envelope. U n m a t c h e d  pixels r etain their
o r i g i n a l  g r e y  level value. Then the grey level value 
is w r i t t e n  to a p a i n t  image and c o o r d i n a t e s  for each 
m a t c h i n g  p i x e l  are w r i t t e n  to a file for s u b s e q u e n t
use in c e n t r o i d  c a l c u l a t i o n . Paint images are
g e n e r a t e d  f o r  each f i lter likely to p r o d u c e  unique 
d i s c r i m i n a t i o n  of the s e l e c t e d  mineral. If no single 
fi l t e r  a l l o w s  u n i q u e  d i s c r i m i n a t i o n  , then two or 
more p a i n t  images are c o m b i n e d  to e l i m i n a t e  or 
de g r a d e  e x t r a n e o u s  paint c o v e r a g e  and p r o m i n e n t l y
T4045 65
i l l u m i n a t e  the m ine r a l  of interest. Some minerals may 
be d i s c r i m i n a t e d  with u se of a si n g l e  e n v e l o p e  range 
( w a v e l e n g t h ) .
8.7 P e r c e n t  M i n e r a l i z a t i o n ;
The conc e p t  of p e r c e n t  m i n e r a l i z a t i o n  requires 
d e s i g n a t i o n  of some ref e r e n c e .  Obvi o u s  references 
are, the field of v i e w  f o r  the camera, some window 
within the field of view, or "vein material". Upon
d e s i g n a t i o n  of a reference, the a r i t h m e t i c  p e r c entage 
of i d e n t i f i e d  s u r f a c e  m i n e r a l i z a t i o n  for individual 
m i n e r a l s  may be d e t e r m i n e d  by d i v i d i n g  the total 
nu m b e r  of identi f i e d  p i x e l s  (x 1 0 0 ) for ea c h  mineral, 
by the total n umber of r e f e r e n c e  p i x e l s .
P e r c e n t  m i n e r a l i z a t i o n  was a p p r o x i m a t e d  for 
s t i b n i t e  t h r o u g h  a f o u r  st e p  process, with use of
p r o g r a m  "C E N T R O I D .P A S " . First, a block of known size 
(40 x 40 = 1,600 pixels) was s e l e c t e d  atop the
p a i n t e d  area for S t i b n i t e  #1 sample, for paint image 
821 angstroms. Second, all p a i n t e d  pi x e l s  (grey
level = 250) within t he b l o c k  were c o u n t e d  (1185
pixels), and the r e s u l t  d i v i d e d  by 1,600 to yield a
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p a int dens i t y  ratio (1185/1600 = .741). Third, a
r e c t a n g l e  was e s t a b l i s h e d  around the column of (four) 
s t i b n i t e  samples, and similarly, all p ainted pixels 
w i t h i n  the rectangle we r e  c o u n t e d  (5478 p i x e l s ) . 
Fourth, total stibnite m i n e r a l i z a t i o n  was estimated 
by d i v i d i n g  the total pix e l  count (from step three) 
by the paint density r a t i o  (5478 / 0.741 = 7393).
This result comprises 3.0 percent of the 245,760 
pixel image. No i n d e p e n d e n t  a ssays were performed.
Sp e c i f i c  c o r r elation between a ctual min e r a l i z a t i o n  
and p e r c e n t a g e  p a i n t b a c k  for t h ese tests remains 
unanswered. However, visual e x a m i n a t i o n  of six
s e p a r a t e  paint images f or s t i b n i t e  appears to support 
a c o n c l u s i o n  of r e p e a t a b l e  proportion. About 45 
p e r c e n t  of the s t i b n i t e  mineral was painted in each 
(third party) test.
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Chapter 9. TES T S  & TE S T  P R O C E D U R E S
9.1 Dry & Wet S a m p l e s ;
Dry s ample images w e r e  a c q u i r e d  first. T h e n  the 
s a m p l e  pan was f l o o d e d  and wet sa m p l e  images were 
a cquired. S i g n a t u r e s  w e r e  d e v e l o p e d  for a s ingle 
spot on each sample for bo t h  wet and dry c o n d i t i o n s . 
Zero r e f e r e n c e d  e n v e l o p e s  (five envelopes) were 
a s s e m b l e d  for the top row of five wet s a m p l e s  . 
W a v e l e n g t h s  were s e l e c t e d  by e n v e l o p e  comparison/ 
and paint images we r e  g e n e r a t e d  to en a b l e  visual 
e v a l u a t i o n  of d i s c r i m i n a t o r y  c h a r a c t e r i s t i c s . Then 
m u l t i p l e  image c o m b i n a t i o n s  were a s s e m b l e d  to e n a b l e  
v a r i o u s  f e a ture s e l e c t i o n s .
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9.2 Image Acquisition:
The sample board (See Figure 2), was placed in 
"the bottom of an empty water pan and p ositioned
b e n e a t h  the c a m e r a . C a mera focus was manually 
a d j u s t e d  with the c a mera a c t i v a t e d , by o b s e r v i n g  the 
CRT image for s h a r p e s t  display. The q uartz lamps (2 
@ 500 w a t t s ) , and o v e r h e a d  f l u o r e s c e n t  lig h t i n g  were 
illuminated. Filters were s u c c e s s i v e l y  p o s i tioned 
a g a i n s t  the c a m e r a  lens ring, and one c o l o r - i m a g e  was 
a c q u i r e d  through each fi l t e r  (45 filters). One 
a d d i t i o n a l  (white) image was acq u i r e d  with o u t  
filtration. All 46 images w e r e  c opied to disk 
s t o r a g e  under ind i v i d u a l  f i l e n a m e s  (example:
523D.390) d e s i g n a t i n g  date of i m age acquisition, dry 
conditions, and wave length.
The water pan was f l o o d e d  to s u b m e r g e  all 
samples, and the a b ove d e s c r i b e d  process was re p e a t e d  
for wet s a m p l e s . Each wet sa m p l e  image was s i m i l a r l y  
c o p i e d  to disk s t o r a g e  u n der an i n d i v i d u a l  fil e n a m e  
(example: 523W.390). C a r e f u l  e ffort was made to
a v o i d  any c h a n g e  o t h e r  than s ample flooding. 
However, both sulfur odor and s u l f u r  s t a i n i n g  of the
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w a ter were noted, a n d  e a c h  i ncreased du r i n g  wet
s a m p l e  image acquisition. The water pan was drained 
after image acquisition, and the samples were allowed
to air dry. Wet s a m p l e  image "523W.494" was lost 
from d i s k  storage, and d r y  s a m p l e  image 5 2 3 D . 4 9 4  was 
cop i e d  and used in its place.
9.3 Signature, Graph, and E n v e l o p e  Assembly:
Test spot (See F i g u r e  19) c o o r d i n a t e s  were 
s e l e c t e d  atop each s a m p l e  (20 samples) by use of the 
i m age s c r o l l  f e a t u r e  (MetraByte, 1989), which 
d i s p l a y s  c o o r d i n a t e s  a n d  l i g h t  level for the pixel 
l o c a t e d  at the c u r s o r  position. The twenty
c o o r d i n a t e  pairs were e n t e r e d  into a user c o o r d i n a t e  
file, and 3 x 3  mask a r e a s  were g e n e r a t e d  and light
le v e l s  read for the r e f e r e n c e  pixel and eight 
n e i g h b o r i n g  pixels for e a c h  test spot, with aid of 
the "READ.PAS" program. T h e  light level v a lues were 
a s s e m b l e d  in s i g n a t u r e  f o r m  (See A p p e n d i x  A and
A p p e n d i x  B), and p l o t t e d  w i t h  aid of G r a p h e r  (Golden 
Software, 1988), for b o t h  wet and dry samples.
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Figure 19. TEST SPOT LOCATION PHOTO
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F o r t y  graphs are i n c l u d e d  (See Appendix C and 
A p p e n d i x  D), and each graph displays nine signatures.
S i g n a t u r e s  for the t op row of wet samples (5 
samples) were zero r e f e r e n c e d  and e n v e l o p e d  (See 
A p p e n d i x  E). The e n v e l o p e  values, along with their 
c o r r e s p o n d i n g  wavelengths, were copied to disk 
s t o r a g e  for s u b s e q u e n t  use in the d i s c r i m i n a t i o n  and
p a i n t  image p r o c e d u r e s .
9.4 Paint Image G e n e r a t i o n ;
W a v e l e n g t h  and c o r r e s p o n d i n g  e n v elope values for 
m i n e r a l s  of i n terest were read from disk s t o r a g e  and
p l a c e d  in a p r o g r a m  arr a y  for each filter. Then 
p i x e l  grey level values were read from the white 
i m a g e  and a s e l e c t e d  (wavelength) color image. The 
w h i t e  image grey level v a l u e  was s u b t r a c t e d  from the
c o l o r  image grey level v a l u e  and the re s u l t  c o m pared
to s a m e  color e n v e l o p e  v a l u e s . A paint image was 
g e n e r a t e d  by c h a n g i n g  the color image pixel grey 
level to b r i g h t n e s s  v a l u e  250 for each zero 
r e f e r e n c e d  pixel light level value that fell within
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the e n v e l o p e  val u e  range, and p a i n t i n g  that value to 
a new (paint) image. Non m a t c h i n g  pixels were
p a i n t e d  to the new image u n c h a n g e d . E n v e l o p e s  are
read and the paint image g e n e r a t e d  t h r o u g h  use of 
p r o g r a m  "READ.PAS" (See Figure G 75) .
9.5 M u l t i p l e  Image Combinations:
S e c o n d  and third g e n e r a t i o n  p a int images were
c r e a t e d  by vari o u s  c o m b i n a t i o n s  of a v a i l a b l e  images
to p r o d u c e  p a int i mages for a s i n g l e  m i n e r a l  (See
F i g u r e  F 6 8 ), two m i n e r a l s  (See F i g u r e  F 70), three
m i n e r a l s  (See F i g u r e  F 71), a rock and three
m i n e r a l s  (See F i g u r e  F 72), and no p a i n t  for any of
the rock or mine r a l  s a m p l e s  (See Fi g u r e  F 73). The
s p e c i f i c  w a v e l e n g t h  c o m b i n a t i o n s  used for each 
s e l e c t i o n  are l i sted in T a b l e  3.
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Table 3. F E A T U R E  S E L E C T I V E  IMAGES
Intent Paint Image W a v e l e n g t h
S i n g l e  selection 
Dual Selection 
T r i p l e  Selection 
Q u a d r u p l e  S e l e c t i o n 
E x c l u s i o n  S e l e c t i o n
F i g u r e  68 
F i gure 70 
F i g u r e  71 
F igure 72 







Chap t e r  10. TEST R E S U L T S
10.1 Repeatability;
Surf a c e  r e f l e c t a n c e  s i g n a t u r e  g r oup values for 
e i g h t e e n  of the t wenty te s t  spots e x h i b i t  an aver a g e 
s p r e a d  of a b out ten grey levels, or about four 
p e r c e n t  of the a v a i l a b l e  c a m e r a  resolution. Two 
samp l e s  "Stibnite # 4 ( w e t ) " and "Coal # 2 ( d r y )" exceed
50 grey levels s c a t t e r  near the c e n t r a l  region of 
their r e s p e c t i v e  s i g n a t u r e  g r o u p s . No other
s i g n i f i c a n t  a n o m a l y  was noted.
S i g n a t u r e  groups for wet s a m p l e s  e x h i b i t  s l i g h t l y  
m ore a n o m a l o u s  v a r i a t i o n  f r o m  w a v e l e n g t h  to 
w a v e l e n g t h  than s i g n a t u r e  g r o u p s  for dry samples,
w i t h  s o m e w h a t  less v a r i a t i o n  b e t w e e n  i ndividual
s i g n a t u r e s  of a group. The wet to dry s i g n a t u r e  
v a r i a t i o n  was most p r o n o u n c e d  for very bright
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(marble) samples (Compare F i gure C 20 and F i g u r e  D 
40). Dry sample d i s c r i m i n a t i o n  of m arble fa i l e d  when 
•the wet: sample e n v elope was used. S t i b n i t e  dry
sa m p l e s  were s u c c e s s f u l l y  d i s c r i m i n a t e d  (See Figure 
F 74) with use of the wet s a m p l e  e n v e l o p e  with 
m o d e r a t e  random s c a t t e r .
10.2 Process Illustration:
Signatures, envelopes, and data for s p o d u m e n e  
were a s s e m b l e d  from Image Book #1229. A l i g n m e n t  
p r o c e s s  data was a s s e m b l e d  from Image Book #802. 
T h e s e  items are included to i n d e p e n d e n t l y  i l l u s t r a t e  
p r o c e s s e s  descr i b e d  in C h a p t e r  8 . S p o d u m e n e
s i g n a t u r e s  pres e n t  a c o m p a c t  g r o u p  whi l e  d i f f e r i n g 
m a r k e d l y  in shape from any o t h e r  s i g n a t u r e  group 
p r e s e n t e d  (See Figure 3).
10.3 Sample D i s c r i m i n a t i o n  R e s u l t s :
Each sample m a t e r i a l  type was s u c c e s s f u l l y  
d i s c r i m i n a t e d  from all o t h e r  s a m p l e  m a t e r i a l  types,
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and all were s u b s t a n t i a l l y  d i s c r i m i n a t e d  from the
fl a t  black backboard, e x c e p t  coal. M u l t i p l e  filters 
and se c o n d  or third g e n e r a t i o n  images were required 
for all samples, e x c e p t  stibnite.
Ma r b l e  p a i n t b a c k  c o v e r a g e  (See F i g u r e  F 65) 
(discrimination) was a b o u t  80 percent for combined 
w a v e l e n g t h s  390 and 766 a n g s t r o m s .
M a r c a s i t e  p a i n t b a c k  c o v e r a g e  (See F igure F 6 6 )
was about 9 p e r c e n t  for c o m b i n e d  w a v e l e n g t h s  431, 
494, and 892 a n g s t r o m s .
C h a l c o p y r i t e  p a i n t b a c k  c o v e r a g e  (See Fi g u r e  F 67) 
was a b out 10 p e r c e n t  for c o m b i n e d  w a v e l e n g t h s  431, 
494, and 909 angstroms.
S t i b n i t e  p a i n t b a c k  c o v e r a g e  (See F i g u r e  F 6 8 ) was 
a b o u t  74 p e r c e n t  for the s i n g l e  w a v e l e n g t h  821 
a n g s t r o m s .
Coal p a i n t b a c k  c o v e r a g e  was about 40 p e r c e n t  for 
the c o m b i n e d  w a v e l e n g t h  415 and 858 angstroms, with 
m a s s i v e  b a c k b o a r d  s c a t t e r  (halo) p r e c l u d i n g  effective 
i s o l a t i o n  of coal fr o m  t he (flat black) backboard. 
S e c o n d  and third g e n e r a t i o n  paint image combina t i o n s 
e n a b l e d  m o d e r a t e  d e g r a d a t i o n  of b a c k b o a r d  scatter. 
However, s i m i l a r  d e g r a d a t i o n  o c c u r r e d  f or the coal
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s a m p l e  without: i m p r o v e m e n t  in d i s c r i m i n a t i o n  from
the b a c k b o a r d  halo. T h e  p a i n t b a c k  c o v e r a g e  and 
b a c k b o a r d  halo s h o w n  (See F i g u r e  F 69) result from 
use of c o m bined w a v e l e n g t h s  415, 858, and 870
a n g s t r o m s .
10.4 Blind Test:
Blind test images a nd r e f l e c t a n c e  s i g n a t u r e s  were 
a c q u i r e d  and a s s e m b l e d  f o r  seven (7) pix e l s  residing 
wi t h i n  a painted c i r c l e  l o c a t e d  on the "Stibnite #1" 
s a m p l e  (See F igure 3) . A c q u i s i t i o n  was done under 
dry c o n d i t i o n s  in t he m a n n e r  o u t l i n e d  a b o v e  for dry
and wet samples. S i g n a t u r e s ,  and an e n v e l o p e  were
a s s e m b l e d  in the m a n n e r  d e p i c t e d  for spodumene. 
Then, each color i m a g e  pixel was zero referenced, 
and c o m p a r e d  with the e n v e l o p e  values for the same
wavelength. Each m a t c h i n g  pixel was as s i g n e d
p a i n t b a c k  grey level "250", w h i l e  u n m a t c h e d  pixels 
r e t a i n e d  their o r i g i n a l  value. Then, both were c opied 
to a "Paint Image". P a i n t  Image 509 (See F i g u r e  11), 
e x h i b i t s  about 47.7 p e r c e n t  p a i n t b a c k  (grey level =
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250) c o v e r a g e  of "the blind test: mineral "Stibnite" , 
along with about equal area random surface coverage
C s c a t t e r ) .
General d i s c r i m i n a t i o n  results of S e c t i o n  10.3 
allow p r e d i c t i o n  that s t i bnite may be d i s c r i m i n a t e d
by use of w a v e l e n g t h  821 angstroms. Accordingly, a 
white image and c o l o r  image were a c q uired of the
s a m p l e  board under dry conditions. Then, each color 
image pixel was zero r e f e r e n c e d  and c o m pared to the 
wet s t i b n i t e  <9 pixel envelope) e n v e l o p e  range for 
the n o ted w a v e l e n g t h  (821 angstroms), and a paint 
image was g e n e r a t e d  (See Figure F 74) . Paint density 
and selectivity, for the r e s u l t i n g  image, a p p e a r  to
e x c e e d  r esults (See Fi g u r e  14) o b t a i n e d  for the 
c i r c l e d  spot e n v e l o p e  (7 pixel envelope).
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Chapter 11. C O N C L U S I O N S  & R E C O M M E N D A T I O N S
11.1 P r i m a r y  Conclus i o n s :
Each mineral and r o c k  s a m p l e  s i g n a t u r e  group 
e x h i b i t s  at least s o m e  u n i q u e  s u r f a c e  r e f l e c t a n c e  
p r o p e r t i e s  common o n l y  to that s p e c i f i c  m i n e r a l . The 
u n i q u e n e s s , for one or more s p e c t r a l  b a n d s , is 
s u f f i c i e n t  for local d i f f e r e n t i a t i o n  of a s p e c i f i c
m i n e r a l  from other m i n e r a l s  under n a t u r a l  c o n d i t i o n s . 
S i m i l a r  minerals (ma r c a s i t e  vs c h a l c o p y r i t e ) r e q u i r e 
a more s o p h i s t i c a t e d  k n o w l e d g e  ba s e  (envelope) and
m o r e  p r o c e s s i n g  e f f o r t  (multiple w a v e l e n g t h s )  for 
d i f f e r e n t i a t i o n ,  t h a n  do c o n t r a s t i n g  m i n e r a l s  
(stibnite vs m a r b l e ), and results are g e n e r a l l y  more
p r o m i n e n t  for c o n t r a s t i n g  m i n e r a l s .
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V i deo based rock face d i s c r i m i n a t i o n  of m i n erals 
may be s e p a r a t e d  into three d i s t i n c t  t a s k s .
First, e n velopes must be c r e a t e d  and s tored  
(library) for each rock and mineral of interest. The 
libr a r y  sh o u l d  also i nclude an e n v e l o p e  for the host 
rock, if a vein is to be discrimi n a t e d ,  or an 
e n v e l o p e  for the b a c k i n g  surface, if mineral samples 
are to be discriminated. E n v e l o p e s  for s i m i l a r
min e r a l s  may be t r i m m e d  to remove minor o v e r l a p  (See 
F i g u r e  17), and c r e a t e  un i q u e  r a n g e  values.
Second, p e r t i n e n t  enve l o p e s  sh o u l d  be c o m p a r e d  
and w a v e l e n g t h (s ) s e l e c t e d  at p o s i t i o n s  a l ong the 
s p e c t r u m  that e x h i b i t  a un i q u e  (no overlap) grey 
level r a nge for the mineral of interest. Paint images 
s h o u l d  be g e n e r a t e d  for each of the s e l e c t e d  
w a v e l e n g t h s  to verify e f f e c t i v e  d i s c r i m i n a t i o n ,  or 
to r eveal the need for s e c o n d  g e n e r a t i o n  c o m b i n a t i o n s  
to re d u c e  col l a t e r a l  s c a t t e r  and i n c r e a s e  
d i s c r i m i n a t i o n  prominence. E x p e d i e n t  c o m b i n a t i o n s  
of ten b ecome a p p a r e n t  upon first v i e w i n g  of the paint 
i m a g e s . D i s c r i m i n a t i o n  e f f o r t s  sho u l d  s t r i v e  to w a r d  
e f f e c t i v e  c o m b i n a t i o n s  with f ewest i m a g e s .
Third, a pplied d i s c r i m i n a t i o n  of an u n k n o w n  scene 
e n t a i l s  a c q u i s i t i o n  of only the s e l e c t e d  w a v e l e n g t h
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image(s), plus a white image, f o l lowed with pixel by 
pixel zero r e f e r e n c i n g  and c o m p a r i s o n  to p e r t i n e n t 
l i b r a r y  envelopes. C o o r d i n a t e s  for each i dentified 
pixel are s u m m e d  and a v e r a g e d  to e s t a b l i s h  a centroid 
for the mine r a l  of interest. A paint image may be 
g e n e r a t e d  to v i s ually d i s p l a y  results by changing 
each m a t c h i n g  pixel to s o m e  c o n t r a s t i n g  grey level 
(or f a l s e  c o l o r ) . H o r i z o n t a l  and vertical aim point 
angles are c a l c u l a t e d  by c o m p a r i n g  a known ten-p i x e l  
angle (10 pixels = 0.9 degrees) to the ve r t i c a l  and 
h o r i z o n t a l  o f f s e t  from t he c e n t e r  of image to the new 
aim point. Prog r a m  " C E N T R O I D .P A S " may be used to 
d e t e r m i n e  p a int density,, a n d  to c o u n t  p a i n t e d  pixels. 
That p r o c e s s  may be e x t e n d e d  to all o w  an e s t i m a t e  of 
p e r c e n t  m i n e r a l i z a t i o n  as d e s c r i b e d  in S e c t i o n  8.7. 
However, the d e s c r i b e d  p r o c e s s  has been a p p l i e d  to a 
few s a m p l e s  of one mineral, and should be vie w e d  as 
i n c o n c l u s i v e .
11.2 Noise, Kerfing, a nd Alignment;
N o i s e  s u p p r e s s i o n  p r o v e d  useful for e l i m i n a t i o n  
of g l a r e  (grey level > 250) spots, and the initial
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noise s u p p r e s s i o n  p r o g r a m  was e x p a n d e d  to enhance
paint image format by b l a c k  p a i n t i n g  (grey level =
30) each pixel for all rows b e f o r e  row n u m b e r  75, and 
all rows after row n u m b e r  431 for s o m e  images. 
Enh a n c e d  paint images are d e s i g n a t e d  by the suffix 
".El", and each e xhibits a c h a r a c t e r i s t i c  r e c t a n g u l a r  
black border.
A p e r i m e t e r  kerf is i n a d v e r t e n t l y  p a i n t e d  around
light c o l o r e d  minerals (marble) a g a i n s t  a dark (flat 
black) background, when d i s c r i m i n a t i n g  other 
minerals, b e c ause the b r o a d  grey level r a n g e  for the 
p e r i m e t e r  region grades a c r o s s  v a l u e s  for most of the 
e n v e l o p e s  for other minerals. The kerf serves to 
v i s u a l l y  locate and c o n t r a s t  u n p a i n t e d  (marble) 
s amples u n der poor l i g h t i n g  c o n d i t i o n s  (See Figure F 
71 ) .
M o b i l e  mach i n e  and o p e r a t i n g  m a c h i n e  g u i d a n c e 
a p p l i c a t i o n s  must o b v i o u s l y  o v e r c o m e  so m e  vibr a t i o n  
or translation, if the g u i d a n c e  h a r d w a r e  will be 
m a c h i n e  mounted. L a b o r a t o r y  c o n d i t i o n s  o c c a s i o n a l l y  
p r o d u c e d  minor cam e r a  t r a n s l a t i o n .  T h e  r e s u l t i n g  
o c c a s i o n a l  m i nor image m i s a l i g n m e n t  p r o b a b l y  stems 
from r o b u s t  p l a c e m e n t  of a f i l t e r  a g a i n s t  the lens 
ring. The numerical (pixel) o f f s e t  a l i g n m e n t  method
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(See S e c t i o n  8.3) a p p e a r s  a d e q u a t e  for small offset 
v a l u e s . Image a l i g n m e n t  appears essential to any 
m o b i l e  application.
11.3 Process Burdens & Constraints:
Da t a  handling p r o v e d  bur d e n s o m e  for several 
reasons. Each image c o n s u m e s  at least 245,760 bytes 
of s t o r a g e  area, and the m u l t i t u d e  of files, along 
w i t h  t h e i r  similarity, leads to over s a t u r a t i o n  of 
a v a i l a b l e  s e n sible f i l e names. If large m i n eralized 
(or scatter) regions a re painted, the c o o r d i n a t e  file 
m ay e x c e e d  1.2 mega b y t e s  and files must be s p lit for 
f l o p p y  disk s torage (backup). If a paint image were 
g e n e r a t e d  for each f i l t e r  (45 filters), for each 
e n v e l o p e  (mineral type), for the sample boa r d  (5 
s a m p l e  types), 225 i mages (45 x 5 = 225) would be
g e n e r a t e d  (245,760 x 225 = 550 m e g a b y t e s ) .
Ma n u a l  p l a c e m e n t  of filters, f o l l o w e d  by 
i n d i v i d u a l  s t o r a g e  of ea c h  image would not be 
a p p r o p r i a t e  for a u t o m a t e d  vein f o llowing
a p p l i c a t i o n s . F o l l o w  on s y s t e m s  s h o u l d  employ
m u l t i p l e  frame grabbers, and a cam e r a  mounted
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e l e c t r o n i c  filter, or c o l o r e d  s t robe lights, and 
r a n g e  finder, to a l l o w  a u t o m a t e d  image a c q u i s i t i o n  
and a n a l y s i s  w i t h o u t  the need for disk s t o r a g e  of 
i m a g e s .
The p r o t o t y p e  s y s t e m  did not use all of the glass 
(camera) window, b e c a u s e  filters were u n a v a i l a b l e  for 
the (infra red) s p e c t r a l  re g i o n  from 930 a n g s t r o m s  to 
1100 angstroms. Work by Hunt and others suggests
that m i n e r a l  s p e c t r a l  c h a r a c t e r i s t i c s  may be more
a n o m a l o u s  wi t h i n  t h a t  r e g i o n  than in the test region. 
I n c r e a s e d  a n o m a l y  g e n e r a l l y  means better
d i s c r i m i n a t i o n .  D i s c r i m i n a t i o n  is not p o ssible
w i t h o u t  anomaly. R e s u l t s  for several f i l t e r  bands 
near the cent r a l  p o r t i o n  of the v i s i b l e  s p e c t r u m  (550 
a n g s t r o m s  to 700 angstroms) e x h i b i t  a bla n d  sameness, 
and the n o t e d  f i l t e r s  c o u l d  p r o b a b l y  be disca r d e d
w i t h o u t  s i g n i f i c a n t l y  d e g r a d i n g  any resu l t s  for these 
t e s t s .
M i n e r a l  i d e n t i f i c a t i o n  for s t i b n i t e  p roved 
p o s s i b l e  with use of a s i n g l e  c o l o r  (wavelength 821
a n g s t r o m s )  image, a l o n g  with the w h i t e  image. 
However, s e v e r a l  c o l o r  images may need to be 
g e n e r a t e d  to e n a b l e  j u d g m e n t a l  s e l e c t i o n  of an 
e f f e c t i v e  s i n g l e  image.
T4045 85
11.4 Image Quality F a c t o r s :
G l a r e  from l i g h t i n g  allowed mo r e  c o m p l e t e  
i d e n t i f i c a t i o n  of m i n e r a l i z a t i o n  in brighter areas of 
the image,, with r e d u c e d  i d e n t i f i c a t i o n  in poorly 
ligh t e d  a r e a s , and f r o s t e d  lamp covers are i n dicated 
for s c e n e  lighting.
Wet sample s i g n a t u r e s  appear s l i g h t l y  more 
c o m p a c t  than their dry c o unterparts, and wet s ample  
d i s c r i m i n a t i o n  results a p p e a r  to exhibit s l i g h t l y  
less s c a t t e r  c o v e r a g e  on visual e x a m i n a t i o n . 
However, the visible d i f f e r e n c e  is modest and sh o u l d  
not be c o n s t r u e d  to i m p l y  water s p ray for all 
ap p l i c a t i o n s .  Note also that all wet s a m p l e  images
were a c q u i r e d  with s a m p l e s  entirely s u b m e r g e d  in
w a t e r .
D i f f e r e n t  source l i g h t i n g  means d i f f e r e n t  
signatures. C o n s i s t e n t  l i g h t i n g  must be e m p l o y e d  to 
a c h i e v e  c o n s i s t e n t  d i s c r i m i n a t i o n  r e s u l t s .
D i s c r i m i n a t i o n  is b a s e d  e n t i r e l y  upon un i q u e
b r i g h t n e s s  at a p a r t i c u l a r  wavelength. Any
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su b s t a n t i a l  m o d i f i c a t i o n  of the s o u r c e  lig h t i n g  must 
be f o l l o w e d  by d e v e l o p m e n t  of new s i g n a t u r e s  and 
e nvelopes, if r e l i a b l e  results are to be produced.
D u s t y or other r e f l e c t i v e  obs t r u c t i o n ,  tends to 
d e g r a d e  image quality, and d i s c r i m i n a t i o n  must fail, 
b e y o n d  some threshold. However, that threshold
ap p e a r s  to r e side well b e y o n d  h u m a n  visual 
capability. Marble was c l e a r l y  d i s c r i m i n a t e d  (wet 
samples) with use of w a v e l e n g t h  390 angstroms 
(Pai n t . 390), even t h o u g h  v isual s c r u t i n y  of the image 
(W523.390) reveals no d i s c e r n a b l e  feature.
11.5 R e d e s i g n  R e c o m m e n d a t i o n s ;
The f o l l o w - o n  s y s t e m  should be an automated 
s y s t e m  c a p a b l e  of a n a l y s i s  over at least the spectral 
r e g i o n  from 390 a n g s t r o m s  thro u g h  near in f r a r e d  to 
a b o u t  2100 angstroms. T he e x p a n d e d  s p e c t r a l  range 
w o uld r e q u i r e  use of q u a r t z  optics for t h e  camera.
A u t o m a t i o n  would r e q u i r e  r e t e n t i o n  of the camera 
a u t o - i r i s  feature, and a d d i t i o n  of a u t o m a t i c  lens 
focus, and e l e c t r o n i c  filter, or s i n g l e  c o l o r  strobe 
lights, and range f i n d e r  features. F r a m e  grabber
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cap a c i t y  should be i n c r e a s e d  to a l low rapid 
a c q u i s i t i o n  of m u l tiple images (5 or 6 i m a g e s ), and 
diff u s e  l i ghting should be used to m i t i g a t e  image 
glare. New aim point turn and e l e v a t i o n  angles 
s hould be det e r m i n e d  from f r ame g r a b b e r  image data, 
w ithout disk storage and retrieval, for a u t o m a t e d  
vein following.
11.6 Res e a r c h  r e c o m m endations:
This work was r e f e r e n c e d  to a w h i t e  image 
f l o a t i n g  base, and that base r e f e r e n c e  p r o v e d  both 
c o n v e n i e n t  and st r a i g h t  forward. However, any other 
image in the book could have been e m p l o y e d  as the
f l o a t i n g  base reference. D i s c r i m i n a t i o n  relies
e n t i r e l y  upon unique s p e c t r a l  e m i s s i o n  v a l u e s  for the 
m a t erial of interest at some s e l e c t e d  w a v e l e n g t h (s ). 
Thus, other r e f e r e n c e s  or c o m b i n a t i o n s  may enable, or 
reveal, a more e f f e c t i v e  process, and a d d i t i o n a l  
i n v e s t i g a t i o n  is s u g g e s t e d .
This work was c o n d u c t e d  u n d e r  d i v e r s e  g e n e r a l
lig h t i n g  with spectral c o n t r o l  a p p l i e d  at the camera. 
U n d e r g r o u n d  a p p l i c a t i o n s  need not i n c l u d e  gene r a l
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lighting, and a m b i e n t  light may not be a significant 
factor. T h ese c o n d i t i o n s  s u g g e s t  an alternate
l i g h t i n g  s y s t e m  likely to o f f e r  at least two
a dvantages. First, if an array (less than 6 lamps) 
of f i l t e r e d  (single color) lamps were employed, 
f i l t e r s  w o u l d  not be n e e d e d  at the camera. This may 
t r a n s l a t e  into n e a r l y  one hundred fold cost reduction 
for the ca m e r a  (to about $400.00), while d o u b l i n g  or 
t r i p l i n g  the cost of lighting. Second, if the
pr o p o s e d  lamps are s t r o b e d  in succession, and images 
s n a p p e d  in un i s o n  with the strobe, the process may 
lend itself to a m u l t i p l e  frame grabber 
c o n f i g u r a t i o n .  This c o uld s p e e d  up the overall 
p r o c e s s  and e l i m i n a t e  the need for disk storage of 
data. A d d i t i o n a l  i n v e s t i g a t i o n  is suggested.
This work was f o c u s e d  toward vein following, and 
that focus p r o v i d e d  a n s w e r s  to the q u e s t i o n s  "What is 
there?" and "Where is it?" for a set of mineral 
s a m p l e s . B r i e f  and i n c o m p l e t e  i n v e s t i g a t i o n s  were
c o n d u c t e d  on o t h e r  m a t e r i a l s  i n c l u d i n g  oak, cedar, 
pine, redwood, asphalt, concrete, brick, and blended 
g r a n u l a r  m a t e r i a l s  . T he resu l t s  s u g g e s t  that any 
sol i d  s c ene o b j e c t  can be i d e n t i f i e d  if a repeat a b l e  
s i g n a t u r e  can be a s s e m b l e d  for the ob j e c t  material.
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No r e p e a t a b l e  s i g n a t u r e  p a t t e r n  was n o ted for the 
m i xed g r a n u l a r  material, a n d  additional r e s e a r c h  is 
suggested. The c o n c e p t  of s c e n e  r e c o g n i t i o n  appears 
to lend itself to g e n e r a l  aut o n o m o u s  e q u i p m e n t  
guidance, and a d d i t i o n a l  r e s e a r c h  is suggested.
O t h e r  research t e c h n o l o g i e s  at this insti t u t i o n  
a l low c o m p u t e r  b a sed d e t e r m i n a t i o n  of d i s t a n c e  to 
o b s t r u c t i o n s , mach i n e  health, curr e n t  task underway, 
m a c h i n e  configuration, a nd route with r e s p e c t  to a 
reference. This work a p p e a r s  to e nable the final 
piece for a u t o nomous v e i n  following, and I strongly 
r e c o m m e n d  that all of t h e s e  t e c h n o l o g i e s  be co m b i n e d  
into a s i n g l e  d e m o n s t r a t i o n  m o d e l .
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Table 4. SPOT #1 DRY SIGNATURE DATA
W L  S P O T SI S 2 S 3 S 4 S 5 S 6 S 7 S 8 S 9
3 9 0  1 6 8 6 4 6 7 61 71 67 6 2 6 5 5 94 0 3  1 71 71 71 71 6 9 7 0 6 9 6 8 6 9
4 1 5  1 8 7 8 5 8 8 9 0 8 8 9 0 8 9 84 8 5
4 2 3  1 1 0 3 10 7 9 7 107 105 97 105 100 1 0 2
43 1 1 8 6 8 3 8 6 8 2 8 3 8 5 7 9 8 3 8 2
4 4 2  1 8 6 8 3 8 5 8 8 91 8 8 8 3 8 3 9 0
4 6 7  1 91 91 9 4 10 2 101 9 7 9 8 10 0 101
4 7 7  1 1 0 0 97 101 9 5 9 6 9 5 9 4 9 5 9 8
4 8 8  1 1 0 3 1 0 3 1 0 6 1 0 6 107 0 8 112 108 10 9
4 9 4  1 1 1 5 112 1 0 8 107 102 0 9 103 103 10 9
5 0 9  1 111 11 4 10 9 1 0 8 118 2 4 111 110 1 1 0
5 1 8  1 1 12 10 5 11 3 112 110 12 106 105 10 3
5 3 0  1 1 1 8 11 4 1 1 3 1 1 9 117 16 11 8 119 1 1 7
tj3̂ j 1 1 1 5 112 1 1 6 107 107 10 108 106 111
5 4 9  1 1 1 0 107 1 0 6 1 0 9 10 9 19 122 119 1 1 7
5 6 2  1 1 1 3 1 1 9 1 2 2 10 9 114 15 112 114 1 1 7
5 7 2  1 1 1 0 11 2 111 111 111 0 7 105 106 1 1 5
5 8 6  1 1 2 0 122 121 120 117 17 126 116 1 0 8
5 9 2  1 11 ■Jt 111 11 3 11 2 115 2 2 120 117 11 1
5 9 9  1 1 15 113 10 9 1 18 115 18 109 109 11 3
6 2 5  1 1 1 2 11 4 1 1 7 1 1 2 116 18 10 7 11 0 1 1 2
6 3 0  1 1 1 9 115 111 11 2 115 17 112 107 1 1 2
6 4 9  1 1 1 5 11 7 1 2 0 1 1 6 120 2 2 11 7 11 3 11 4
6 5 6  1 1 1 8 118 1 1 7 121 121 18 121 1 2 2 1 2 2
6 6 5  1 1 1 5 11 9 1 2 2 11 6 108 0 7 121 112 111
6 7 8  1 1 1 3 11 5 12 0 11 7 115 17 116 111 1 1 3
6 8 8  1 11 111 11 8 11 8 116 15 114 1 1 2 1 1 5
6 9 6  1 1 11 110 1 0 9 1 1 2 109 16 107 109 1 1 5
7 0 3  1 1 1 4 11 0 111 1 1 5 111 0 9 107 10 8 111
7 1 9  4 1 2 3 11 9 1 1 9 1 1 6 123 2 3 12 2 120 1 1 9
7 2 4  1 1 1 3 11 3 1 1 8 11 4 11 5 18 11 2 111 1 1 5
7 4 1  1 1 2 4 121 1 15 1 2 6 11 5 10 11 3 114 1 2 0
7 4 8  1 1 2 3 1 1 7 11 7 1 2 0 11 3 17 11 9 111 1 1 2
7 6 6  1 1 1 7 1 16 1 18 117 117 21 120 11 2 1 1 5
7 8 0  1 1 10 1 0 7 1 0 9 111 110 07 11 2 11 2 1 1 3
7 8 8  ' 1 10 7 106 1 10 11 2 111 10 104 100 1 1 0
7 9 2  1 1 1 4 111 n o 1 0 4 1 0 3 10 10 7 109 1 0 6
8 0 9  1 1 0 5 101 1 0 5 1 0 2 106 0 6 1 0 0 1 0 0 1 1 0
8 2 1  1 1 1 2 1 1 6 121 1 1 0 115 18 12 0 11 9 1 1 8
8 4 0  1 1 1 3 .110 1 1 2 1 1 9 117 13 114 117 1 1 8
8 5 8  1 10 7 1 0 5 1 0 3 1 0 5 105 10 10 6 10 8 10 7
8 7 0  1 1 1 0 109 1 0 6 11 2 10 5 01 10 4 107 1 1 0
8 9 2  1 11 1 112 1 10 1 1 3 117 15 11 0 111 1 1 3
9 0 9  1 1 1 2 110 1 1 4 114 117 15 114 112 1 13
9 2 0  1 1 1 2 1 15 11 4 1 11 109 0 6 n o 108 1 0 7
9 3 0  1 1 2 2 122 121 12 3 122 19 12 9 121 1 2 2
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Table 5. SPOT #2 DRY SIGNATURE DATA
w l  s p u r SI S 2 S 3 S 4 S 5 S 6 S 7 S 8
3 9 0 •— » u 8 2 76 7 5 7 4 7 7 7 9 8 2 8 4
4 0 3 £' 91 91 8 9 8 7 8 3 9 0 8 9 8 9
4 1 5 £ 12 6 123 121 127 120 120 12 3 126
CL 129 135 14 8 135 143 144 13 2 136
431 £’ 122 119 12 7 130 120 128 12 6 126
4 4 2 £ 130 128 13 7 130 132 138 132 134
4 6 7 £ 1 «j & 137 1 4 4 132 137 14 5 1 3 3 137
4 7 7 2 142 139 14 0 144 144 155 1 3 9 142
4 8 8 £ 157 158 1 6 0 15 7 158 165 1 6 0 159
4 9 4 c. 16 0 158 16 6 163 16 2 16 2 16 3 160
5 0 9 c. 157 156 1 5 8 15 6 1 5 5 159 15 6 161
5 1 8 c. 151 149 158 158 155 156 16 0 157
5 3 0 C- 174 180 181 174 170 170 17 3 170
5 3 5 c. 16 2 160 164 163 157 157 161 161
5 4 9 163 162 16 2 165 160 162 1 6 2 164
5 6 2 c. 16 0 161 1 6 5 164 15 9 16 2 1 6 4 160
5 7 2 c 16 3 167 17 0 157 16 0 161 1 6 3 161
5 8 6 c. 17 0 165 1 6 6 16 9 16 5 16 6 16 7 164
5 9 2 £ 15 7 161 16 3 161 16 2 16 8 16 6 161
5 9 9 c. 162 159 161 163 160 159 16 2 161
6 2 5 £ 16 2 15 8 16 0 16 0 158 161 161 159
6 3 0 c. 164 161 164 162 163 166 16 5 162
6 4 9 c. 16 6 16 7 17 0 1 6 6 16 6 16 8 1 6 7 168
6 5 6 c. 16 5 168 171 168 16 4 168 1 6 8 170
6 6 5 c 1 6 3 162 161 161 15 7 157 1 6 4 160
6 7 8 c 1 6 5 16 3 16 4 162 16 4 164 1 6 4 161
6 8 8 c. 15 6 152 15 5 15 9 15 4 153 1 6 3 158
6 9 6 £ 15 8 157 15 6 156 15 2 154 1 5 5 151
7 u 3 c. 161 159 16 5 164 1 6 2 16 2 1 6 3 160
7 1 9 2 170 167 171 169 170 170 1 6 8 168
7 2 4 t— 156 154 161 164 16 3 1 6 2 161 15 5
7 4 1 ol_ 16 5 163 1 6 5 16 3 167 167 1 6 9 165
7 4 8 nc 171 168 1 6 3 164 16 6 17 0 16 7 169
7 6 6 c 16 5 164 16 5 162 16 5 166 1 6 2 159
7 8 0 iH 16 3 161 1 5 9 161 15 9 1 6 0 1 6 0 15 9
7 8 8 158 158 15 5 155 15 6 154 1 5 8 154
7 9 2 c. 159 16 2 1 6 0 161 15 5 16 3 1 5 8 153
8 0 9 u. 159 160 156 157 158 159 161 158
82 1 c 171 171 17 2 16 9 1 7 0 171 1 6 8 172
8 4 0 •-»c 17 3 175 17 4 17 2 171 174 1 7 0 169
8 5 8 c. 166 159 15 8 16 3 1 6 0 161 1 6 2 159
8 7 0 -IL. 158 157 15 8 155 1 5 8 15 8 1 5 5 153
8 9 2 £ 164 164 16 4 166 164 164 16 3 163
9 0 9 c. 167 164 16 3 164 166 168 16 4 163
9 2 0 £ 163 162 161 163 16 3 162 161 162

















































Table 6. SPOT #3 DRY SIGNATURE DATA
UIL S P O T SI S 2 S 3 S 4 S5 S 6 S 7 S8 S 9
3 9 0 8 6 7 9 8 0 76 77 8 0 8 3 83 81
4 0 3 3 8 8 9 4 9 7 9 6 94 9 7 9 4 90 8 7
4 1 5 3 1 2 4 124 124 131 129 126 111 122 12 2
4 2 3 3 142 139 139 143 140 140 13 4 140 144
431 13 2 130 130 134 132 128 127 132 12 3
4 4 2 3 13 8 136 141 136 138 144 135 136 14 0
4 6 7 13 5 141 146 144 136 14 0 1 3 9 139 1 4 2
4 7 7 3 14 2 145 143 144 146 150 143 139 14 0
4 8 8 151 153 15 2 150 14 8 1 vj 157 155 155
4 9 4 3 171 166 160 168 166 166 16 8 166 165
5 0 9 161 162 161 157 159 157 15 2 153 1 5 9
5 1 8 o 16 4 163 164 156 155 156 156 152 1 5 5
5 3 0 3 1 7 2 169 17 0 172 17 0 173 1 7 3 171 17 2
5 3 5 3 16 6 162 161 163 161 162 16 3 160 16 2
5 4 9 3 166 166 169 169 16 8 171 1 6 8 168 17 3
5 6 2 3 166 166 167 169 169 166 16 8 164 1 6 3
5 7 2 3 16 6 165 163 162 15 9 16 3 16 3 163 164
5 8 6 3 16 9 170 170 168 170 173 17 0 170 16 9
5 9 2 16 7 168 16 8 168 166 16 8 16 5 167 1 7 0
5 9 9 3 16 3 164 162 164 164 165 16 3 159 160
6 2 5 1 6 2 163 164 162 16 3 16 6 161 162 1 6 6
6 3 0 3 166 165 165 165 168 167 166 166 16 8
6 4 9 3 1 7 2 169 169 170 169 170 169 168 16 9
6 5 6 3 1 7 3 172 169 171 169 169 172 168 171
6 6 5 16 3 165 164 164 1 6 2 16 3 16 2 162 16 4
6 7 8 3 16 7 164 158 166 1 6 3 161 1 6 5 161 161
6 8 8 3 1 6 3 162 1 6 3 163 164 164 1 5 9 158 1 5 6
6 9 6 3 16 3 158 156 159 157 154 157 155 1 5 6
7 0 3 1 6 5 163 16 3 168 16 6 1 6 5 16 5 163 16 4
7 1 9 3 1 6 8 168 171 170 16 6 168 170 173 1 7 3
7 2 4 dt 162 159 15 9 155 15 9 160 15 9 159 15 6
741 3 16 8 171 172 170 169 170 169 169 1 6 8
7 4 8 3 17 4 173 17 0 172 1 7 3 17 3 1 7 0 169 17 2
7 6 6 3 16 3 161 161 162 160 163 163 161 1 5 9
7 8 0 3 1 6 2 161 1 6 3 162 1 5 6 16 0 161 158 15 7
7 8 8 3 1 5 9 156 151 149 1 5 4 15 9 157 160 16 0
7 9 2 wP 1 6 3 157 155 160 1 5 9 16 6 15 6 153 15 5
8 0 9 3 162 167 166 163 165 164 16 3 162 164
821 j 16 9 170 171 170 168 169 169 170 171
8 4 0 172 173 172 174 172 172 173 173 17 2
8 5 8 15 0 150 154 163 160 161 150 154 1 6 2
8 7 0 3 160 159 166 158 1 5 5 154 15 5 158 1 5 8
e 9 2 16 8 165 16 6 168 167 166 166 168 16 6
9 0 9 3 161 163 164 163 16 3 161 15 9 160 15 7
9 2 0 1 6 5 160 159 163 16 2 16 2 162 161 16 2
9 3  o 1 7 0 167 168 170 170 172 173 171 1 7 2
T404S 99
Table 7. SPOT #4 DRY SIGNATURE DATA
W L  S P O T SI S 2 S 3 S 4 S 5 S6 S 7 s a S 9
3 9 0 4 6 4 7 0 7 2 6 6 6 0 71 6 6 63 74
4 0 3 4 6 9 6 8 6 8 6 5 64 6e 6 7 6 4 7 4
4 1 5 4 8 5 8 5 8 4 8 4 8 5 88 8 2 8 7 8 7
4 c! 3 4 10 3 10 7 107 107 107 109 100 111 111
431 4 8 9 6 5 7 8 8 5 84 8 0 7 9 8 6 8 3
4 4 3 4 7 4 7 9 8 5 7 9 8 5 81 7 8 8 2 81
4 6 7 4 9 7 9 3 9 8 9 8 9 5 95 9 0 e g 9 0
4 7 7 4 9 0 84 8 9 9 0 89 9 2 9 3 9 8 9 4
4 8 8 4 107 1 0 3 101 101 9 6 99 9 7 97 101
4 9 4 4 100 9 9 10 2 102 101 9 8 100 9 8 101
5 0 9 4 10 6 109 10 7 101 10 8 109 10 5 103 105
5 1 8 4 9 5 9 6 9 5 11 0 105 100 111 103 9 9
5 3 0 4 10 5 102 10 3 104 10 4 108 101 105 111
5 3 5 4 10 5 105 10 5 100 101 n o 10 5 102 106
5 4 9 4 121 120 1 1 5 12 2 11 3 n o 12 9 117 119
5 6 2 4 10 0 10 3 118 107 105 113 10 9 126 132
5 7 2 4 104 101 1 0 6 10 2 107 109 10 2 107 112
5 3 6 4 113 107 10 9 121 116 112 132 112 111
5 9 2 4 11 0 107 1 0 3 117 111 101 111 109 10 8
5 9 9 4 109 107 101 112 109 1Q7 11 5 111 108
6 2 5 4 1 0 6 10 5 1 0 2 11 4 10 9 103 111 107 104
6 3 0 4 1 1 5 109 1 0 5 111 109 105 114 106 n o
6 4 9 4 1 1 5 1 0 9 1 0 8 111 110 111 1 1 9 115 112
6 5 6 4 11 6 115 1 1 7 12 2 123 124 13 0 127 125
6 6 5 4 1 15 117 111 11 7 11 2 n o 12 0 109 1 1 0
6 7 8 4 10 7 1 0 3 101 107 10 6 104 107 107 110
6 8 8 4 1 10 1 0 9 1 0 5 11 3 10 9 107 11 8 113 10 2
6 9 6 4 10 8 10 7 1 0 5 10 9 106 106 121 111 11 0
7 0 3 4 10 7 10 2 9 9 11 0 104 101 108 103 106
7 1 9 4 12 2 121 1 1 4 122 116 111 115 113 116
7 2 4 4 1 0 6 1 0 6 n o 107 105 104 11 2 110 112
7 4 1 4 117 11 4 1 1 5 130 120 120 13 2 126 131
7 4 8 4 11 9 1 15 111 124 121 118 1 3 2 125 126
7 6 6 4 11 1 11 0 1 0 4 111 11 0 105 10 2 102 104
7 8 0 4 1 0 5 10 7 1 0 9 111 10 9 100 1 0 7 107 104
7 8 8 4 10 5 1 0 0 1 0 2 9 9 103 106 10 3 105 100
7 9 2 4 10 6 1 0 2 9 7 9 9 10 0 100 10 0 101 103
8 0 9 4 10 3 10 6 1 0 0 10 2 107 n o 117 116 117
82 1 4 1 1 2 10 9 1 0 9 114 111 112 11 9 117 11 2
8 4 0 4 1 12 111 11 7 12 2 121 119 117 127 125
8 5 8 4 1 0 6 1 1 0 1 0 9 10 6 104 103 102 103 105
8 7 0 4 9 9 100 101 101 9 8 104 103 106 107
8 9 2 4 11 3 11 3 1 1 2 11 2 11 5 115 11 5 116 117
9 0 9 4 107 1 0 6 101 104 106 n o 1 0 2 109 111
9 2 0 4 10 3 110 111 11 0 106 108 11 5 113 11 0
9 3 0 4 128 11 5 1 2 2 122 120 115 128 115 125
T4045 100
Table 8. SPOT #5 DRY SIGNATURE DATA
W L  S P O T SI S 2 S 3 S 4 S 5 S 6 S 7 S B S 9
3 9 0 5 7 6 79 7 3 7 3 7 2 74 71 7 6 7 2
4 0 3 5 7 8 7 9 7 3 71 7 5 7 3 7 6 7 4 7 3
4 1 5 5 1 0 3 10 9 1 0 5 104 106 103 9 7 9 6 101
4 2 3 5 100 106 10 7 100 101 103 115 n o 105
431 5 8 8 8 7 8 8 9 5 94 87 9 0 8 4 8 3
4 4 2 5 9 2 9 2 9 3 9 2 9 3 100 9 5 9 2 8 5
4 6 7 5 9 8 9 9 1 0 3 n o n o 104 112 1 1 3 11 4
4 7 7 5 9 2 9 6 9 9 112 114 112 9 8 105 111
4 8 8 5 9 9 106 104 94 110 107 n o 108 106
4 9 4 5 9 8 104 111 n o 107 109 110 103 105
5 0 9 5 9 4 9 8 101 10 5 104 107 115 11 2 112
5 1 8 5 9 7 9 9 10 3 102 100 104 106 106 105
5 3 0 5 1 0 3 114 1 1 9 1 1 3 114 126 107 113 127
5 3 5 5 111 103 101 n o 103 107 100 101 108
5 4 9 5 10 3 104 101 9 8 9 9 102 9 3 9 8 9 7
5 6 2 5 1 0 3 112 1 1 5 10 0 105 107 9 5 9 9 105
5 7 2 5 9 6 101 1 1 0 104 101 108 94 9 7 101
5 3 6 5 103 112 10 7 103 104 100 9 5 9 4 91
5 9 2 5 91 9 3 8 9 101 106 9 2 101 107 1 0 0
5 9 9 5 9 3 9 5 101 104 100 104 104 102 105
6 2 5 5 10 7 10 2 1 0 0 104 100 9 9 91 9 0 9 3
6 3 0 5 1 0 9 104 101 1 0 9 101 101 9 2 9 0 9 6
6 4 9 5 1 0 9 10 7 101 111 111 100 9 2 9 0 9 5
6 5 6 5 12 7 128 1 2 2 12 8 127 137 12 4 12 8 12 6
6 6 5 5 101 11 0 1 0 5 1 0 3 97 9 2 9 6 9 0 9 3
6 7 8 5 1 0 2 107 1 0 6 10 6 107 110 9 5 103 10 5
6 8 8 5 9 5 9 8 91 9 7 100 9 8 91 9 4 8 7
6 9 6 5 9 8 102 1 1 0 91 94 9 6 8 9 9 2 9 5
7 0 3 5 9 4 9 3 9 4 9 8 100 102 91 8 7 9 27 1 9 5 1 0 4 111 111 107 10 6 102 10 2 101 101
7 2 4 5 1 0 2 100 10 5 10 0 103 108 8 9 9 2 1 0 5
7 4 1 5 9 4 9 2 9 5 8 8 8 9 9 3 8 9 8 9 91
7 4 8 5 9 5 9 9 9 6 9 4 9 0 9 2 9 3 9 3 91
7 6 6 5 1 0 9 105 1 0 5 11 0 112 n o 112 112 11 2
7 8 0 5 107 10 6 1 0 4 1 1 0 112 107 113 10 6 10 3
7 8 8 5 10 7 113 1 1 0 111 111 102 112 108 101
7 9 2 5 10 7 11 0 1 0 7 1 1 9 11 5 10 6 10 4 9 9 10 6
8 0 9 5 1 1 2 111 1 1 8 109 111 111 105 108 112
821 5 131 122 1 2 9 1£3 126 127 123 12 2 12 6
8 4 0 5 1 3 6 132 14 2 13 5 136 140 134 131 138
8 5 8 5 12 5 124 1 1 8 12 3 121 120 12 0 1 1 9 11 9
8 7 0 5 12 5 127 12 4 121 122 123 128 119 129
8 9 2 5 12 3 12 8 lc'il 12 7 128 120 12 5 12 9 12 3
9 0 9 5 127 130 124 134 128 132 125 129 1 2 6
9 2 0 5 11 9 122 1 2 3 126 126 121 121 123 12 4
9 3 0 5 1 19 1 19 11 6 109 1 10 112 107 107 110
T404S 101
Table 9. SPOT #6 DRY SIGNATURE DATA
W L S P O T SI S 2 S 3 S 4 S 5 S 6 S 7 s a S9
3 9 0 6 7 7 8 3 7 6 7 5 7 6 7 6 7 7 7 5 78
4 0 3 6 7 3 71 7 0 78 75 6 7 6 9 70 7 3
4 1 5 6 9 7 91 9 5 9 6 9 6 100 9 4 9 4 9 4
4 2 3 6 10 0 102 100 10 0 103 105 9 8 100 9 8
4 3 1 6 7 7 8 3 81 81 84 8 5 9 0 7 9 7 6
4 4 2 6 8 4 8 7 9 4 8 6 8 5 8 5 8 0 8 0 8 8
4 6 7 6 9 6 9 3 101 97 9 5 9 6 8 8 86 1 0 3
4 7 7 6 91 9 3 9 4 9 0 88 9 4 8 5 9 2 9 2
4 8 e 6 8 6 8 8 91 9 8 8 6 9 6 9 6 86 1 0 0
4 9 4 6 8 3 8 5 8 4 101 89 9 0 7 9 81 79
5 0 9 6 9 4 9 3 9 0 91 8 5 8 5 8 9 8 8 92
5 1 8 6 8 4 84 8 4 9 4 91 8 5 9 0 8 3 7 9
5 3 0 6 8 6 8 6 10 2 8 3 81 9 9 7 6 8 3 9 4
5 3 5 6 9 3 8 6 8 5 8 5 89 91 8 2 91 91
5 4 9 6 9 6 9 3 91 8 9 94 9 0 91 9 3 9 5
5 6 2 6 9 2 9 4 10 2 9 6 104 111 9 6 101 n o
5 7 2 6 8 3 81 9 4 8 6 8 7 9 2 7 4 8 2 8 7
5 8 6 6 8 9 9 7 8 3 8 5 8 6 8 0 7 8 7 6 7 6
5 9 2 6 8 0 8 5 8 3 8 3 9 5 8 3 8 6 8 8 77
5 9 9 6 9 6 91 9 0 9 7 9 5 9 5 8 9 87 9 0
6 2 5 6 91 87 8 9 9 3 91 8 6 8 5 8 6 8 8
6 3 0 6 9 2 8 0 8 3 8 0 7 3 8 0 7 2 7 5 8 2
6 4 9 6 99 9 2 74 7 6 7 9 7 9 7 0 7 0 77
656 6 9 5 9 5 91 107 107 9 5 11 4 105 9 6
6 6 5 6 8 4 9 6 9 3 8 5 8 7 8 3 81 81 8 3
6 7 8 6 10 3 8 3 7 9 8 8 8 0 8 6 77 7 9 8 6
6 8 8 6 8 5 9 3 8 7 8 3 8 8 9 0 7 6 77 7 6
6 9 6 6 8 7 8 5 8 3 8 4 90 9 0 8 4 8 6 9 6
7 0 3 6 8 7 81 7 6 7 4 7 2 77 7 3 71 7 2
7 1 9 e 9 4 9 4 7 9 8 5 80 7 9 8 2 7 8 7 3
7 2 4 6 92 8 9 91 8 6 91 9 4 8 5 9 0 9 4
7 4 1 6 7 8 7 9 7 8 91 8 5 7 6 10 2 101 9 0
7 4 8 6 8 6 8 2 7 9 81 8 6 8 9 8 8 8 9 91
7 6 6 6 8 8 8 9 8 4 94 9 0 7 9 7 9 8 3 81
7 8 0 6 9 2 9 2 8 6 8 7 8 9 8 0 9 0 8 5 8 3
7 8 8 6 8 7 9 3 8 6 81 9 0 9 0 8 7 89 8 3
7 9 2 6 8 9 9 7 8 8 6 6 8 3 8 2 9 2 8 8 8 2
8 0 9 6 7 8 8 0 7 8 7 9 7 9 7 6 8 6 7 9 7 9
821 6 8 6 88 8 6 8 7 85 8 3 8 9 8 6 8 5
8 4 0 6 91 8 9 9 6 9 0 94 101 9 4 8 9 9 6
8 5 8 6 92 91 9 0 9 2 9 5 9 2 8 8 9 2 9 3
8 7 0 6 8 3 9 8 9 7 9 5 91 90 9 0 8 9 9 4
8 9 2 6 93 8 9 9 2 9 8 102 101 105 105 101
909 £ 96 9 6 101 9 4 9 6 9 6 101 102 100
9 2 0 6 96 99 101 101 97 9 8 104 105 101
930 6 89 85 89 8 4 85 87 87 89 86
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Table 10. SPOT #7 DRY SIGNATURE DATA
WL S P O T SI S 2 S 3 S4 S 5 S 6 S 7 S 8 S 9
3 9 0 7 6 0 6 4 6 0 61 6 2 61 6 4 5 9 6 9
4 0 3 7 6 5 5 6 6 8 6 0 6 7 6 2 7 0 5 9 6 7
4 1 5 7 7 8 74 7 8 7 5 7 7 7 8 7 9 7 7 7 7
4 2 3 7 1 0 0 9 8 101 9 7 9 3 9 9 1 0 3 101 9 9
431 7 7 0 7 4 8 5 7 3 7 6 77 7 4 7 9 7 9
4 4 2 7 8 4 7 9 7 9 76 7 2 77 7 2 7 3 8 0
4 6 7 7 9 0 9 2 91 9 6 9 6 9 7 9 4 9 5 91
4 7 7 7 8 7 8 8 8 9 90 8 9 91 9 2 8 9 8 5
4 8 8 7 1 0 0 9 5 9 6 9 5 9 7 9 5 9 3 9 0 9 5
4 9 4 7 91 94 9 4 07 9 2 8 6 9 7 8 6 9 5
5 0 9 7 9 8 9 9 102 0 6 10 2 101 1 0 2 9 2 9 6
5 1 8 7 9 7 9 5 102 12 9 6 9 8 1 1 2 103 9 9
5 3 0 7 1 0 6 107 107 0 8 1 0 0 101 101 9 9 10 3
5 3 5 7 10 9 n o 107 0 5 10 0 104 11 3 110 10 8
5 4 9 7 111 101 101 07 1 0 5 100 1 0 7 107 1 0 2
5 6 2 7 101 106 109 08 1 0 6 105 104 9 4 10 3
5 7 2 7 1 0 9 10 5 9 7 0 3 9 9 10 2 9 5 9 5 1 0 0
5 8 6 i 144 128 117 27 11 2 9 7 111 107 10 5
5 9 2 7 10 4 9 7 101 2 7 1 1 5 105 1 2 4 1 1 2 1 0 7
5 9 9 7 11 0 104 102 2 0 10 6 104 10 7 10 2 10 3
6 2 5 7 10 5 100 10 6 0 6 1 0 2 110 10 6 1 0 0 10 5
6 3 0 7 1 16 111 109 0 9 1 0 0 106 11 0 109 111
6 4 9 7 1 12 103 117 0 6 1 0 5 11 3 1 1 6 1 1 2 1 1 6
6 5 6 7 11 3 112 113 11 1 0 9 10 5 1 0 0 10 2 111
6 6 5 7 1 110 10 6 21 1 1 0 102 1 0 3 1 0 7 10 6
6 7 8 7 10 6 104 104 0 7 n o 111 1 1 2 1 1 4 1 2 0
6 8 8 7 1 1 5 109 104 19 1 1 0 104 1 1 0 101 1 0 0
6 9 6 7 11 3 111 105 0 6 1 0 9 113 10 9 1 0 2 1 0 2
70>i 7 10 6 105 106 10 1 0 7 104 1 0 9 1 0 3 10 5
7 1 9 ~7 112 111 114 10 11 4 117 1 1 6 1 1 3 1 1 8
7 2 4 7 1 0 4 10 5 10 9 10 1 1 2 10 6 1 0 6 1 0 9 1 0 8
74 1 7 1 1 5 114 115 0 9 1 0 6 10 2 1 1 4 11 0 1 0 9
7 4 8 7 11 4 11 2 11 5 16 1 1 5 11 4 1 1 3 111 11 0
7 6 6 7 1 0 9 104 104 11 1 12 n o 1 0 9 109 1 1 3
7 8 0 7 10 7 103 10 0 0 8 1 0 2 105 1 0 6 111 1 1 0
7 8 8 7 9 5 9 6 9 5 01 1 0 7 107 1 0 8 1 0 3 1 0 2
7 9 2 7 10 3 9 6 9 4 0 0 9 8 1 0 0 1 0 8 1 0 2 1 0 5
8 0 9 7 10 7 104 9 5 0 0 1 0 2 105 107 n o 1 0 2
8 2 1 7 10 6 10 6 111 13 1 1 5 11 5 1 1 2 11 3 11 4
8 4 0 7 110 1 13 109 0 9 1 0 9 110 1 0 9 108 10 7
8 5 8 7 9 8 9 7 9 5 97 9 8 9 8 1 0 0 9 6 9 9
8 7 0 7 10 5 9 8 9 8 01 1 0 0 104 10 7 10 6 10 0
8 9 2 7 10 4 10 5 109 07 1 0 7 109 9 8 101 10 9
9 0 9 7 111 10 9 101 0 9 111 111 1 1 2 111 1 1 2
9 2 0 7 106 106 104 0 0 1 0 6 1 10 10 2 10 5 1 0 6
9 3 0 7 1 16 123 121 99 1 19 1 15 12 0 113 11 3
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Table 11. SPOT #8 DRY SIGNATURE DATA
W L  S P O T SI S2 S 3 S 4 S 5 S 6 S7 S 8 S 9
3 9 0 8 7 4 7 2 6 6 6 7 58 6 5 61 6 0 6 2
4 0 3 8 6 6 5 9 67 6 7 71 7 3 6 6 6 5 67
4 1 5 8 7 7 77 77 7 9 76 7 4 7 7 73 7 4
4 2 3 8 9 5 104 105 9 5 97 9 7 10 6 104 105
431 8 7 9 73 7 0 6 7 74 7 8 7 3 72 7 4
4 4 2 a 7 3 77 78 7 3 79 77 7 0 71 7 5
4 6 7 a 8 9 94 9 6 8 8 8 6 92 9 0 86 8 7
4 7 7 8 8 8 92 9 5 8 5 85 9 6 8 9 83 84
4 8 8 8 9 0 104 109 8 7 95 102 8 6 86 9 5
4 9 4 8 7 9 85 9 3 76 80 8 8 8 2 81 83
5 0 9 8 9 0 94 10 5 9 2 9 4 97 9 6 89 9 3
5 1 8 8 7 9 83 9 5 85 87 9 5 8 8 88 9 2
5 3 0 8 9 6 104 11 3 91 9 3 94 8 9 87 89
5 3 5 8 9 2 94 9 2 9 2 89 91 8 8 8 3 8 7
5 4 9 a 9 8 97 9 2 9 3 9 9 94 10 9 101 9 0
5 6 2 8 9 6 91 9 5 8 8 87 91 9 7 91 9 4
5 7 2 8 9 5 9 5 100 9 4 95 9 5 91 93 91
5 B 6 8 101 100 101 9 8 98 1 Oo 109 103 9 3
5 9 2 8 104 103 10 6 9 5 9 5 9 6 9 4 9 5 91
5 9 9 8 10 4 104 112 9 9 106 101 9 8 9 6 9 7
6 2 5 8 101 104 9 9 9 4 91 9 0 1 0 0 9 0 9 4
6 3 0 8 10 6 104 10 4 9 6 97 102 101 94 91
6 4 9 8 10 4 105 108 104 102 103 104 9 5 9 5
6 5 6 a 11 7 113 1 16 119 120 115 12 6 124 118
6 6 5 8 1 0 8 105 10 2 9 7 102 106 10 6 103 9 9
6 7 8 8 104 106 113 9 9 102 106 10 4 9 6 9 9
6 8 8 8 10 6 103 102 111 102 9 5 10 6 102 9 6
6 9 6 8 9 7 94 101 9 9 9 2 9 6 10 9 104 9 9
7 0 3 8 1 0 0 103 109 9 9 95 100 1 0 0 91 9 4
7 1 9 8 1 0 8 110 115 1 0 9 104 107 10 8 101 105
7 2 4 8 1 1 0 109 10 8 1 0 5 105 105 9 7 9 6 108
7 4 1 8 114 114 110 116 111 109 11 7 112 110
7 4 8 8 1 1 0 104 10 3 1 1 8 114 111 1 2 3 1 19 111
7 6 6 8 10 4 106 111 11 2 110 111 111 103 102
7 8 0 8 10 6 105 104 111 104 100 1 1 5 103 9 8
7 8 8 8 1 0 2 104 103 1 0 5 101 9 7 10 9 101 9 5
7 9 2 8 9 9 106 10 7 100 102 10 5 10 6 9 4 9 6
8 0 9 8 1 0 5 105 10 6 101 97 103 10 6 103 10 4
821 8 1 0 5 104 111 11 2 11 0 110 117 114 114
8 4 0 8 11 0 115 115 1*12 113 120 1 1 8 115 120
e s e e 104 101 103 10 5 100 100 10 5 105 104
8 7 0 8 10 5 104 104 105 104 107 106 105 n o
8 9 2 8 11 6 115 113 111 110 108 121 116 111
9 0 9 8 10 8 n o 109 111 109 105 112 112 11 5
9 2 0 8 1 0 9 103 106 1 0 9 109 n o 11 3 110 107
9 3 0 8 10 9 108 105 n o 108 102 11 5 9 8 99
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Table 12. SPOT #9 DRY SIGNATURE DATA
WL S P O T SI S2 S 3 S 4 S 5 S 6 S 7 S8 S 9
3 9 0 9 7 2 71 7 7 80 7 8 7 9 7 4 7 9 81
40  3 9 7 4 71 7 3 71 6 9 75 7 3 72 /2
4 1 5 9 9 3 9 6 9 7 9 8 103 102 9 6 101 ya
4 2 3 9 1 0 2 100 9 8 101 9 8 102 97 102 110
431 3 8 3 86 9 2 8 2 9 0 9 3 8 3 8 0 8 2
4 4 2 9 9 5 3 5 8 3 8 9 8 4 8 5 8 3 8 7 8 2
4 6 7 9 9 5 94 9 0 9 5 100 105 9 6 106 112
4 7 7 9 91 9 4 9 5 100 101 110 9 4 101 91
4 8 8 9 8 8 86 8 5 8 6 9 5 101 9 5 102 107
4 9 4 9 8 9 102 109 9 3 103 105 9 0 90 8 6
5 0 9 9 8 3 9 2 9 4 9 6 1 0 3 123 9 9 103 120
5 1 8 9 8 3 85 87 102 106 110 9 2 92 9 3
5 3 0 9 1 0 6 127 12 8 11 3 13 6 13 6 8 5 78 7 4
5 3 5 9 1 0 0 102 11 0 8 5 8 6 8 4 8 3 86 8 2
5 4 9 9 8 8 9 2 9 4 9 0 94 8 9 9 5 93 80
5 6 2 9 9 4 9 4 9 0 9 6 9 4 9 3 8 9 8 8 8 9
5 7 2 9 1 0 9 113 11 2 9 2 106 10 2 8 3 79 74
5 8 6 9 7 7 97 11 2 84 8 3 8 3 8 5 81 7 6
5 9 2 9 7 2 8 3 9 2 7 5 8 6 10 3 7 9 8 5 84
5 9 9 9 8 5 8 9 9 8 9 4 n o 114 8 9 102 10 4
6 2 5 9 8 8 101 11 5 8 2 8 0 7 9 9 6 7 8 74
6 3  O 9 3 5 107 12 2 7 9 8 5 8 6 8 6 78 73
6 4 9 3 8 9 103 112 8 0 9 0 101 7 3 79 7 6
6 5 6 9 9 4 9 5 91 9 5 9 0 8 5 9 8 9 2 87
6 6 5 9 7 3 9 0 101 81 8 6 91 8 3 8 3 7 9
6 7 8 9 8 6 9 9 112 8 8 9 7 111 8 3 9 3 9 5
6 8 8 9 7 2 8 6 9 3 7 8 9 0 8 9 71 79 81
6 9 6 9 8 3 9 0 91 9 0 8 8 7 9 91 8 6 77
7 0 3 9 8 2 9 7 1 0 3 8 6 9 9 100 7 6 7 7 7 5
7 1 9 9- 8 6 9 9 112 8 5 9 4 101 8 2 85 8 7
7 2 4 9 9 5 106 10 3 8 6 9 3 9 9 8 7 87 8 2
741 3 7 7 8 5 8 5 8 9 8 9 8 2 9 4 8 5 7 3
7 4 e 9 7 8 87 8 4 7 6 7 6 7 4 8 5 84 8 3
7 6 6 9 8 5 88 9 5 8 3 9 4 104 8 5 87 9 2
7 8 0 9 81 91 1 0 2 81 8 6 94 8 9 8 9 8 6
7 8 8 9 7 9 8 6 94 74 7 9 91 8 3 8 3 79
7 3 2 9 7 7 8 7 9 3 8 5 9 0 9 2 8 0 8 6 9 2
8 0 9 3 81 81 8 7 7 4 8 3 8 7 81 7 8 7 3
B21 9 8 5 37 10 2 8 7 9 2 9 5 87 89 8 6
8 4 0 9 9 3 92 8 9 Q.7 8 6 8 5 8 4 87 8 0
8 5 8 9 0 5 91 9 3 7 9 9 0 9 0 8 3 94 9 5
870 9 8 6 83 8 7 8 7 91 8 9 8 9 93 94
e 9 2 9 9 3 96 9 6 9 2 9 3 9 9 101 98 9 3
9 0 9 9 8 6 91 9 5 8 7 9 2 9 3 9 2 93 91
9 2 0 9 9 6 96 101 91 9 3 9 9 87 9 6 97
330 9 9 3 100 103 91 8 8 8 0 102 9 8 87
T4045 105
Table 13. SPOT #10 DRY SIGNATURE DATA
W L S P O T SI S2 S 3 S 4 S 5 S 6 S7 S8 S 9
3 3 0 10 6 6 67 67 7 0 7 0 67 5 7 62 6 9
4 0 3 10 6 5 64 6 6 6 6 7 0 7 2 6 8 6 3 75
4 1 5 10 8 5 8 6 8 5 8 3 9 0 92 84 87 91
4 2 3 10 94 101 107 9 9 106 107 109 107 102
431 10 8 2 79 7 6 7 7 7 9 7 9 8 0 77 8 0
4 4 2 10 77 78 7 4 7 5 8 0 8 2 87 9 2 8 3
4 6 7 10 91 9 0 9 0 9 9 9 5 3 2 9 6 91 91
4 7 7 10 9 0 9 0 9 0 8 9 9 3 91 91 87 8 5
4 8 8 10 10 6 101 3 5 1 0 0 97 100 8 3 96 96
4 9 4 10 9 3 9 5 9 8 9 9 102 9 5 9 7 98 102
5 0 9 10 9 8 9 8 9 9 9 6 97 10 3 8 3 88 9 2
5 1 8 10 8 9 91 9 6 9 4 91 9 3 9 3 90 8 7
5 3 0 10 9 7 9 6 101 9 6 96 9 8 9 3 105 100
5 3 5 10 9 2 91 9 6 91 94 94 9 2 97 9 6
5 4 9 10 9 2 93 9 5 91 9 8 9 5 3 4 9 5 94
5 6 2 10 9 6 96 101 9 4 3 7 91 9 2 89 9 2
5 7 2 10 9 4 91 8 6 8 5 94 9 2 8 5 9 3 9 6
5 8 6 10 104 9 3 9 2 1 0 2 9 2 9 0 8 7 92 9 0
5 9 2 10 9 4 95 9 4 9 5 91 8 7 9 6 98 9 7
5 9 3 10 9 6 96 101 1 0 0 9 8 9 7 9 8 93 9 0
6 2 5 10 91 85 8 8 8 8 9 5 9 5 8 8 9 2 9 2
6 3 0 10 9 4 9 4 9 4 1 0 0 9 8 9 6 8 3 95 100
6 4 3 10 9 6 90 9 4 9 7 9 4 10 0 91 9 4 94
6 5 6 10 1 3 0 131 135 1 2 6 13 6 127 127 133 129
6 6 5 10 1 0 6 90 8 9 9 6 9 2 9 4 8 8 90 9 6
6 7 8 10 9 2 8 9 9 2 9 4 9 3 9 4 9 2 89 9 2
6 8 e 10 10 0 97 9 8 1 0 3 102 91 9 2 95 91
6 9 6 10 91 102 9 6 9 3 9 6 9 6 9 3 91 91
7 0 3 10 9 2 8 7 8 8 9 4 90 8 3 8 6 91 9 4
7 1 9 10 102 9 8 100 101 9 8 9 9 97 101 102
7 2 4 10 9 4 9 4 9 3 1 0 2 9 7 9 8 9 0 31 8 8
7 4 1 10 9 4 94 100 9 3 9 6 9 6 9 0 9 8 9 7
7 4 8 10 9 6 95 9 9 3 8 100 10 2 9 4 91 8 9
7 6 6 10 102 103 10 4 1 0 4 102 105 9 6 102 107
7 8 0 10 10 2 102 10 5 1 0 9 10 5 10 5 104 102 100
7 8 8 10 10 6 103 105 1 0 3 101 10 0 9 9 9 8 9 3
7 9 2 10 101 106 106 1 0 6 106 1 1 0 9 9 108 106
8 0 9 10 120 120 11 9 1 1 2 117 115 116 111 113
821 10 124 130 128 1 2 4 128 12 5 126 126 125
8 4 0 10 12 5 129 1 1 3 2 136 135 131 126 1
8 5 8 10 11 9 119 119 1 2 0 117 121 118 117 123
8 7 0 10 121 119 120 12 4 122 1 18 117 123 121
8 9 2 10 12 3 126 128 121 123 128 130 130 128
9 0 9 10 127 129 121 12 3 128 121 122 126 127
9 2 0 10 1 23 1 119 1 2 2 121 120 120 121 119
9 3 0 10 1 18 119 115 11 0 112 1 13 106 111 113
T4045 106
Table 14. SPOT #
WL SPOT S I S2
3 9 0  11 8 2 7 8
4 0 3  11 91 91
4 1 5  11 1 3 4 1 3 4
4 2 3  11 1 6 0 1 52
4 3 1  11 141 1 40
4 4 2  11 1 54 1 4 9
4 6 7  11 1 5 5 1 5 6
4 7 7  11 1 5 6 1 5 6
4 8 8  11 1 7 3 171
4 9 4  11 1 8 8 1 87
5 0 9  11 1 7 0 1 70
5 1 8  11 1 8 2 182
5 3 0  1 1 1 8 5 1 8 7
5 3 5  11 1 8 2 1 7 6
5 4 9  11 1 39 1 8 2
5 6 2  11 1 7 4 1 7 8
5 7 2  11 181 1 7 5
5 8 6  11 1 8 2 1 8 0
5 9 2  11 1 8 6 1 8 4
5 9 9  11 i e 2 1 78
6 2 5  11 1 7 5 1 7 2
6 3 0  11 1 8 5 1 8 3
6 4 9  11 1 8 6 1 8 3
6 5 6  11 1 87 184
6 6 5  11 1 7 7 1 7 6
6 7 8  11 181 1 7 7
6 8 8  11 1 8 2 1 7 9
6 9 6  11 1 7 2 172
7 0 3  1 1 1 8 0 1 7 8
7 1 9  11- 1 8 8 1 8 5
7 2 4  11 1 7 2 171
7 4 1  11 1 8 2 1 83
7 4 8  11 1 8 6 1 8 3
7 6 6  11 1 7 7 1 7 7
7 8 0  11 1 7 7 1 7 2
7 8 8  11 1 7 2 1 7 0
7 9 2  11 1 7 3 1 7 2
8 0 9  11 1 8 5 181
8 2 1  11 1 8 3 1 83
8 4 0  1 1 1 8 9 187
8 5 8  11 1 7 3 1 7 2
8 7 0  11 1 6 9 171
8 9 2  11 1 8 3 1 8 2
9 0 9  11 1 7 2 171
9 2 0  1 1 1 7 2 1 6 6
9 3 0  1 1 1 88 1 86
DRY SIGNATURE DATA
S4 S5 S6 S 7 SB S9
7 9 7 9 7 6 8 2 8 0 7 9
1 0 2 9 8 9 5 9 8 97 100
1 3 6 1 37 1 3 5 1 3 2 1 701 JU. 132
1 5 5 144 151 1 5 6 149 156
1 4 0 1 3 5 1 3 9 1 4 2 135 1 37
1 5 5 151 151 1 5 6 155 154
1 5 8 1 58 1 57 1 6 0 148 155
1 5 8 1 63 1 5 9 1 5 5 150 151
1 7 8 171 1 6 9 1 7 6 173 172
1 8 8 1 83 1 8 2 1 8 2 173 179
1 7 7 1 74 1 7 6 1 7 3 169 169
181 1 72 171 1 7 2 170 170
1 8 8 1 8 2 1 8 2 181 182 189
1 7 8 1 6 6 1 7 3 1 7 2 168 175
1 8 3 1 8 5 1 8 3 1 8 9 188 1 8 5
1 8 3 183 181 1 8 5 181 181
1 7 6 1 7 2 1 7 7 1 7 8 172 175
1 87 1 82 1 79 1 8 6 184 182
1 8 2 1 8 3 1 8 3 1 8 8 182 1 82
1 7 6 1 75 1 8 0 1 7 8 173 170
1 8 0 1 76 1 7 6 1 7 7 173 1 76
181 1 82 1 80 177 180 184
1 8 3 1 8 3 1 8 3 1 8 3 183 185
1 8 5 1 8 6 1 8 8 1 8 8 185 1 8 6
1 7 8 1 7 4 1 7 4 1 7 8 174 1 7 3
1 8 0 1 7 8 1 7 8 1 7 5 171 171
1 8 2 1 8 0 1 7 7 1 8 0 179 176
1 6 9 1 6 5 171 1 7 6 170 173
1 7 7 1 8 0 181 1 7 8 179 1 80
1 8 8 1 8 6 187 1 8 3 186 1 8 5
1 7 8 1 7 3 1 7 0 1 7 3 168 1 70
188 1 8 5 1 8 3 1 8 8 185 185
1 9 4 1 8 4 1 8 9 1 9 4 192 189
1 7 6 1 7 6 1 7 7 1 6 9 170 1 72
1 7 9 1 7 4 171 1 7 3 172 171
1 7 2 1 7 2 1 7 2 1 7 3 170 1 72
1 7 4 1 6 9 1 6 7 1 6 4 168 1 75
1 8 0 1 80 1 8 3 1 8 3 183 183
1 8 2 1 84 1 8 3 1 84 183 185
1 8 0 182 187 187 189 187
1 7 2 167 1 6 8 1 7 0 173 174
1 7 3 1 72 171 1 7 3 169 1 68
1 8 2 181 181 1 8 2 160 1 7 9
1 73 1 74 1 74 1 77 178 178
171 1 70 1 7 0 1 7 6 170 172


















































Table 15. SPOT #12 DRY SIGNATURE DATA
WL SPOT SI S2 S3 S4 S5 S6 S7 S8 S9
330 12 68 67 67 65 65 70 70 57 65
403 12 65 60 67 72 69 69 72 71 68
415 12 83 81 82 86 83 84 81 82 86
423 12 111 102 97 107 108 102 110 110 103
431 12 79 75 79 82 78 83 85 80 80
442 12 86 86 83 86 85 85 81 87 96
467 12 97 90 89 98 91 100 101 97 93
477 12 85 79 83 95 91 89 99 91 91
488 12 101 85 89 103 87 84 101 94 95
494 12 104 97 96 116 108 102 109 114 112
509 12 119 105 92 114 101 97 109 106 105
518 12 117 106 97 111 102 101 107 115 116
530 12 106 98 103 115 115 118 131 128 129
535 12 116 116 114 126 125 115 124 119 117
549 12 126 130 126 123 1 uu 126 126 124 123
562 12 134 1 17 125 124 121 122 125 126 127
572 12 115 105 103 127 120 112 126 123 116
586 12 124 120 121 125 127 130 127 130 123
592 12 123 114 107 122 116 112 122 120 121
599 12 124 111 106 119 116 114 117 118 124
625 12 124 124 119 122 124 122 118 117 117
630 12 121 121 122 122 127 124 126 129 119
649 12 125 123 115 126 134 123 139 135 123
656 12 119 115 119 122 124 128 129 129 135
665 12 132 118 117 126 129 119 129 126 131
678 12 114 110 n o 121 119 118 125 125 123
688 12 120 119 116 118 120 123 127 128 117
696 12 118 117 116 128 119 130 126 123 123
703 12 113 109 109 120 117 121 12e 117 129
719 12- 124 120 120 127 134 122 136 130 127
724 12 118 1 16 1 17 119 117 1 15 127 115 111
741 12 124 128 122 127 129 121 125 127 129
748 12 129 132 130 130 129 130 129 121 132
766 12 110 107 108 116 118 118 123 120 114
780 12 120 118 117 119 114 111 112 111 115
788 12 110 108 108 116 112 112 110 112 112
732 12 107 104 104 110 105 105 114 112 115
809 12 119 117 115 121 114 116 120 118 126
821 12 123 121 1 19 125 120 119 119 119 123
840 12 122 124 126 122 129 127 130 127 138
858 12 103 100 99 109 108 106 11 1 111 109
870 12 110 110 1 10 106 107 113 112 113 115
892 12 116 118 119 118 117 119 119 119 121
909 12 108 103 107 113 113 114 111 n o 111
320 12 116 114 116 117 118 120 121 122 121
330 12 137 137 130 139 138 136 121 130 127
T4045 108
T a b l e  16. SPOT #13 DRY SIGNATURE DATA
WL SPOT SI S2 S3 S4 S5 S6 S7 S8 S9
390 13 76 79 85 79 78 77 78 84 84
403 13 101 96 93 91 94 98 94 96 93
415 13 133 134 134 129 128 134 130 134 135
423 13 160 155 156 155 157 152 153 160 155
431 13 146 146 142 136 136 144 137 137 139
442 13 145 147 158 152 146 146 143 150 145
467 13 156 152 151 147 153 154 153 154 152
477 13 152 151 153 151 155 154 161 158 153
488 13 174 166 163 168 164 167 163 168 167
494 13 177 175 174 180 180 175 179 178 173
509 13 173 173 169 175 172 165 170 171 174
518 13 171 170 172 179 178 174 169 172 170
530 13 183 183 183 189 183 178 183 179 178
535 13 179 176 173 177 183 178 179 177 173
549 13 186 186 188 188 193 186 191 187 182
562 13 177 178 182 177 180 183 172 170 174
572 13 176 177 179 178 177 178 180 179 178
586 13 187 186 185 188 184 186 185 184 184
592 13 182 180 182 182 182 183 183 184 181
599 13 175 173 168 173 176 172 175 173 169
625 13 177 175 176 182 182 177 175 172 171
630 13 183 181 180 182 179 179 180 181 183
649 13 18vj 132 181 183 181 181 182 182 183
656 13 181 178 181 181 180 182 180 178 181
665 13 176 182 182 177 178 178 174 174 174
678 13 180 176 177 177 177 177 178 174 173
688 13 182 178 178 178 178 180 179 178 179
696 13 180 177 172 171 169 168 170 169 172
703 13 180 179 177 180 176 176 177 178 179
719 13 185 183 183 184 184 185 183 183 182
724 13 177 176 174 171 173 172 178 173 172
741 13 179 178 182 178 180 185 179 181 181
748 13 183 183 184 186 182 181 182 181 183
766 13 181 175 173 172 171 172 179 175 171
780 13 174 171 168 174 169 167 170 172 173
788 13 171 172 172 170 163 164 171 169 167
792 13 171 172 171 170 166 170 173 169 164
809 13 176 178 181 175 175 172 173 171 174
821 13 183 181 181 183 181 182 185 181 181
840 13 186 182 181 183 183 183 182 182 183
858 13 174 174 171 170 171 170 181 176 172
870 13 170 168 171 169 171 172 168 172 174
892 13 176 175 178 178 176 178 173 170 172
909 13 170 172 173 171 170 170 171 169 168
920 13 170 171 174 170 173 175 173 170 169
930 13 187 185 185 184 185 188 182 183 185
T404S 109
Table 17. SPOT #14 DRY SIGNATURE DATA
WL 1SPOT SI S£ S3 S4 S5 S6 S7 S8 S9
390 14 70 67 66 61 65 62 57 61 69
403 14 70 67 67 65 65 69 65 66 68
415 14 83 85 83 83 85 85 84 88 92
423 14 95 96 99 98 106 110 101 105 102
431 14 77 77 80 80 82 86 79 77 73
442 14 77 76 83 78 87 89 84 83 86
467 14 83 84 92 87 86 91 89 93 95
477 14 78 80 87 85 86 92 87 92 88
488 14 86 91 101 89 91 92 86 96 94
494 14 92 97 101 104 97 100 98 101 99
509 14 94 89 92 94 91 91 92 97 99
518 14 98 101 98 96 96 100 102 99 96
530 14 103 99 103 100 101 109 101 107 112
535 14 103 99 98 98 104 114 111 108 106
549 14 106 111 112 113 117 118 120 119 123
562 14 105 110 120 115 128 129 122 128 132
572 14 96 103 111 106 104 106 101 104 115
586 14 105 102 102 105 115 116 105 119 119
592 14 96 94 102 103 102 101 104 106 106
599 14 107 105 101 101 105 106 103 107 109
625 14 104 106 109 107 105 111 113 115 123
630 14 101 99 110 104 110 112 115 119 121
649 14 102 107 111 107 112 113 107 114 117
656 14 112 120 124 111 119 121 118 126 129
665 14 100 101 103 100 101 103 101 109 109
678 14 101 101 106 104 107 n o 101 102 111
688 14 102 101 102 98 97 101 94 103 104
696 14 103 106 104 113 111 117 114 115 126
703 14 94 99 101 103 n o 107 105 112 112
719 14 108 104 109 100 105 113 109 113 117
724 14 98 102 112 104 106 112 108 116 119
741 14 109 110 118 115 126 128 122 128 127
748 14 110 113 113 112 115 126 120 123 131
766 14 101 97 103 95 101 101 103 103 103
780 14 99 99 103 97 107 113 107 103 104
788 14 98 97 97 96 106 106 94 109 106
792 14 93 94 97 94 95 99 99 99 96
809 14 102 108 107 109 112 112 102 112 120
821 14 111 112 108 106 111 114 111 114 120
840 14 112 112 123 1-19 124 124 127 129 120
e58 14 100 101 103 98 100 102 100 103 105
870 14 103 103 99 98 103 110 103 112 n o
892 14 106 107 11 1 109 108 n o 110 111 116
909 14 106 108 104 105 102 102 101 107 n o
920 14 1 03 100 101 1 05 104 109 107 115 115
930 14 1 18 117 115 117 119 120 123 126 125
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Table 18. SPOT #15 DRY SIGNATURE DATA
WL SPOT SI S2 S3 S4 S5 S6 S7 SB S9
330 15 67 67 65 60 57 62 55 58 56
403 15 61 60 63 55 56 59 68 60 58
415 15 75 72 68 76 74 75 71 73 67
423 15 106 104 99 105 108 102 102 103 97
431 15 76 78 76 75 71 67 75 77 70
442 15 73 72 71 74 69 71 70 73 75
467 15 89 86 88 89 92 86 35 92 86
477 15 84 85 3*6 91 89 87 87 87 79
488 15 30 89 90 83 93 83 93 90 83
434 15 102 100 90 98 97 34 94 96 89
503 15 89 93 95 94 99 94 98 91 96
518 15 96 89 94 92 100 94 100 93 35
530 15 102 102 98 103 99 90 100 95 92
535 15 1 11 102 88 102 107 98 101 100 99
549 15 109 107 102 105 106 104 106 105 106
562 15 96 102 109 111 110 97 95 98 102
572 15 107 103 96 105 107 103 106 99 97
586 15 105 113 113 106 103 102 105 98 101
592 15 102 102 109 94 104 105 103 101 101
599 15 104 107 n o 103 106 103 107 102 33
625 15 107 107 97 111 111 100 101 99 99
630 15 111 110 106 n o 103 101 107 104 39
649 15 109 112 111 110 115 111 112 111 110
656 15 1 13 111 111 107 111 112 113 117 114
665 15 106 n o 109 110 109 101 105 102 103
678 15 106 112 103 107 107 104 109 105 99
688 15 105 107 110 103 109 107 104 102 103
696 15 109 110 104 106 108 105 105 100 102
703 15 103 109 105 103 104 102 107 106 99
719 15 109 113 113 113 111 112 111 111 109
724 15 107 109 104 103 110 107 107 108 103
741 15 105 n o 112 107 111 109 105 107 108
748 15 110 110 103 111 112 107 109 107 107
766 15 105 106 104 104 106 110 105 105 104
780 15 100 102 103 104 105 104 102 99 100
788 15 91 96 98 100 103 106 90 91 94
732 15 100 102 99 96 96 101 102 95 95
809 15 103 105 100 111 107 98 104 105 106
821 15 103 110 110 107 109 109 106 109 109
840 15 1 1 1 110 107 111 113 105 109 111 107
858 15 98 97 97 98 35 96 93 97 35
870 15 98 93 93 101 102 39 98 99 93
892 15 110 110 105 106 107 103 107 106 104
903 15 103 100 95 105 98 98 102 102 103
920 15 101 102 104 102 105 102 106 104 104
930 15 1 12 11 1 117 116 1 19 115 111 115 1 11
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Table 19. SPOT #16
W L S P O T SI S 2 . S 3
3 9 0 16 7 2 6 3 7 0
4 0 3 16 71 7 0 7 0
4 1 5 16 91 8 3 8 8
4 2 3 16 1 0 4 107 1 1 0
431 16 81 8 8 91
4 4 2 16 8 4 8 5 91
4 6 7 16 10 7 104 9 7
4 7 7 16 9 4 9 2 8 6
4 8 8 16 1 0 5 104 1 0 0
4 9 4 16 1 0 7 110 10 6
5 0 9 16 1 0 6 103 1 0 5
5 1 8 16 1 0 3 110 1 0 4
5 3 0 16 11 9 110 101
5  "5 16 10 5 112 1 0 3
5 4 9 16 1 0 3 103 1 11
5 6 2 16 104 114 1 0 6
5 7 2 16 10 7 104 1 O 0
5 8 6 16 1 13 115 1 1 5
5 9 2 16 10 6 113 1 1 0
5 9 9 16 1 0 2 112 1 1 2
6 2 5 16 101 11 0 1 o o
6 3 0 16 10 7 111 1 0 5
6 4 9 16 10 7 1 12 1 0 8
6 5 6 16 131 129 1 2 8
6 6 5 16 1 0 2 108 111
6 7 8 16 111 10 6 1 0 0
6 8 8 16 9 9 1 0 5 1 0 8
6 9 6 16 1 0 4 101 1 0 2
7 0 ^ 16 1 0 4 100 9 9
7 1 9 1 6 1 0 8 110 1 1 0
7 2 4 16 1 1 1 10 6 1 0 0
741 16 1 0 3 107 1 0 5
7 4 8 16 101 1 0 6 111
7 6 6 16 1 0 9 110 1 1 0
7 8 0 16 1 12 11 6 1 1 2
7 8 8 16 1 0 6 104 1 0 6
7 9 2 16 1 0 9 11 2 1 1 3
8 0 9 16 1 19 120 1 2 2
82 1 16 1 3 0 1 2d 1 3 2
8 4 0 16 13 0 128 131
8 5 8 16 1 3 0 11 9 1 2 8
8 7 0 16 1 1 9 130 1 8 4
8 9 2 16 1 3 0 1 1 3 2
9 0 9 16 134 1 1 2 9
9 2 0 16 121 12 4 1 2 4
9 3 0 16 1 16 122 1 2 7
DRY SIGNATURE DATA
S 4  S 5  S 6  S 7  S 8  S 9
69 7 0 68 6 7 70 69
70 6 6 69 75 72 6 9
91 87 87 8 8 32 9 2
109 106 102 107 102 9 9
87 8 6 84 8 5 81 86
88 8 9 9 0 9 0 86 87
9 6 94 96 9 9 105 100
96 96 97 9 7 9 9 100
106 97 31 106 101 9 5
104 108 105 102 105 9 9
104 105 102 106 111 101
9 8 109 103 103 102 100
115 107 101 11 5 116 110
9 9 101 105 9 3 106 104
105 114 111 9 8 100 104
102 104 103 101 101 101
9 9 101 104 9 6 104 106
103 107 110 9 3 103 110
101 105 110 9 7 9 5 106
102 103 103 103 111 105
3 6 104 106 8 6 92 9 4
101 106 108 9 8 101 104
106 107 106 9 7 107 113
123 126 128 126 129 120
104 9 7 103 9 6 9 3 101
105 106 106 9 8 103 105
9 6 3 6 108 101 10 3 104
3 5 9 9 99 10 2 105 10 0
104 105 100 9 8 101 101
1 0 6 111 118 10 6 112 113
101 104 105 103 9 7 9 5
9 5 101 98 9 8 9 7 104
9 9 104 107 9 8 101 10 6
109 107 107 102 103 107
106 10 9 110 104 10 3 109
105 10 5 104 10 4 101 102
111 111 105 1 0 8 10 7 10 7
112 11 5 180 11 3 n o 113
12 3 129 123 11 9 1 1 8 121
127 132 121 1 2 8 130 134
130 128 132 1 J j d 127 12 9
121 121 123 12 0 121 124
123 138 130 1 2 6 130 126
130 12 9 128 1 2 5 130 12 2
11 9 122 120 1 2 0 11 9 41 C . C .
1 16 123 126 11 5 121 119
T4045 112
Table 20. SPOT #17 DRY SIGNATURE DATA
W L S P O T SI S 2 S 3 S 4 S 5 S 6 S 7 S8 S9
3 3 0 17 8 2 77 7 9 7 6 7 5 83 7 4 71 7b
4 0 3 17 7 3 6 4 6 8 71 67 6 8 71 7 0 71
4 1 5 17 9 6 9 0 9 3 91 3 5 94 9 5 9 5 9 2
4 2 3 17 97 91 101 101 9 2 9 9 9 7 8 9 38
4 3 1 17 8 8 7 8 8 2 7 9 81 8 9 8 5 7 6 7 5
4 4 2 17 79 74 7 8 7 5 7 2 7 7 8 3 7 9 77
4 6 7 17 9 0 94 9 5 91 91 9 2 94 90 91
4 7 7 17 87 7 5 8 2 8 6 8 0 84 8 5 8 5 85
4 8 8 17 84 77 7 6 8 0 7 5 79 7 6 7 8 8 3
4 9 4 17 7 5 73 77 7 4 74 83 78 7 3 76
5 0 9 17 8 0 77 78 7 9 7 2 74 81 80 85
5 1 8 17 7 8 72 7 7 7 9 76 7 2 77 7 5 76
5>iO 17 7 0 6 5 6 5 6 4 74 76 7 0 67 7 0
5 3 5 17 7 4 72 7 8 8 0 74 77 7 5 6 9 7 2
5 4 9 17 7 3 79 8 9 8 3 79 8 3 31 80 8 4
5 6 2 17 8 5 83 8 9 8 7 8 9 9 2 8 9 9 3 9 6
5 7 2 17 7 9 83 8 0 71 74 7 9 7 0 6 5 7 2
5 8 6 17 79 74 7 4 77 74 77 7 5 7 3 70
5 9 2 17 74 62 6 8 7 0 74 7 8 7 4 7 0 6 8
5 9 3 17 8 0 84 8 6 78 7 8 82 8 5 8 5 8 6
6 2 5 17 7 9 74 7 2 7 7 7 6 7 8 7 3 7 2 7 8
6 3 0 17 71 70 71 7 2 65 69 7 0 6 7 7 3
6 4 9 17 6 6 66 7 5 6 7 70 71 71 6 2 6 7
6 5 6 17 7 6 77 7 7 8 2 77 79 7 9 7 8 7 5
6 6 5 17 7 3 69 7 2 7 9 7 5 75 7 6 71 6 9
6 7 8 17 7 2 71 7 6 7 2 71 7 2 71 6 6 7 2
& e e 17 71 70 6 9 7 0 7 2 71 74 7 2 6 9
6 9 6 17 74 78 8 2 7 5 71 77 7 9 7 3 7 8
7 0 3 17 5 6 58 6 4 61 5 8 5 7 61 5 9 57
7 1 9 1 > 7 2 72 71 7 5 6 8 6 2 7 3 7 2 71
7 2 4 17 7 3 7 5 7 9 7 8 7 3 71 7 7 7 7 7 5
74 1 17 7 5 71 7 0 7 0 69 72 7 6 7 4 7 4
7 4 8 17 7 6 71 6 3 6 9 62 67 7 6 6 6 6 8
7 6 6 17 6 7 71 7 5 7 0 69 7 0 7 0 6 5 6 8
7 8 0 17 7 4 71 7 5 7 7 80 7 9 7 0 6 9 7 4
7 8 8 17 7 0 70 7 4 7 9 72 6 5 7 0 7 3 7 9
7 9 2 17 81 7 5 7 3 71 75 7 3 6 7 71 7 4
8 0 9 17 7 2 62 6 5 7 3 6 0 64 6 8 6 5 6 9
82 1 17 7 2 6 5 6 8 7 3 71 6 6 6 8 6 5 7 4
8 4 0 17 71 66 6 8 7 5 71 70 6 8 6 9 7 7
8 5 8 17 7 5 73 74 6 7 65 78 6 9 71 74
8 7 0 17 74 73 73 71 74 70 7 5 71 70
8 9 2 17 8 0 79 8 0 8 3 77 79 8 6 7 9 80
9 0 9 17 76 6 6 6 8 7 0 71 7 7 77 7 3 74
9 2 0 17 83 83 8 3 7 2 71 7 8 7 9 7 7 7 6
9 3 0 17 75 77 78 71 74 78 79 7 9 7 9
T4045 113
SPOT #18 DRY SIGNATURE DATATable 21.




























































































































































































Table 22. SPOT #19
WL SPOT SI S2 S3
390 19 70 71 74
403 19 71 73 74
415 19 101 102 100
423 19 110 107 105
431 19 98 93 94
442 19 90 85 90
467 19 96 106 111
477 19 95 97 96
488 19 126 112 98
494 19 102 112 106
509 19 115 106 94
518 19 104 103 103
530 19 110 n o 107
535 19 105 104 101
549 19 109 112 108
562 19 105 98 106
572 19 104 100 101
586 19 102 113 113
592 19 106 110 108
599 19 107 108 106
625 19 106 106 98
630 19 105 107 106
649 19 111 109 101
656 19 131 132 131
665 19 102 109 105
678 19 112 106 102
688 19 109 113 110
696 19 99 99 103
703 19 105 103 99
719 19 118 116 111
724 19 102 102 104
741 19 11 1 112 106
748 19 108 110 110
766 19 123 127 115
780 19 122 119 114
788 19 115 116 113
792 19 126 128 114
809 19 123 120 119
821 19 1 40 136 132
840 19 134 134 132
858 19 124 126 127
870 19 127 127 122
8 9 2 19 137 138 135
9 0 9 19 1 O C T  1  iZZ. '-J 128 123
9 2 0 19 125 122 121
9 3 0 19 1 2 0 126 124
DRY SIGNATURE DATA
S4 S5 S6 S7 S8 S9
73 72 72 71 74 73
76 78 76 69 71 73
92 96 100 96 98 104
106 112 108 105 107 107
87 92 91 87 92 90
88 94 93 87 91 89
100 103 107 97 110 112
94 95 95 98 100 102
110 102 102 100 106 101
109 104 100 111 104 97
96 102 102 106 102 95
102 101 101 96 95 96
112 111 111 n o 102 102
100 99 105 97 100 107
112 112 110 106 108 111
94 103 109 107 103 100
100 100 103 99 96 100
109 105 102 110 113 104
105 110 104 102 111 101
107 100 94 101 102 103
99 96 98 100 95 100
110 98 94 107 102 100
108 109 101 108 102 96
136 132 136 132 131 130
102 111 105 110 109 97
100 100 103 97 96 102
96 104 111 98 104 105
98 95 100 104 99 98
98 101 95 96 93 100
103 101 98 110 109 102
102 102 101 102 103 106
114 110 107 112 110 108
107 102 104 114 114 114
111 118 112 105 105 107
114 115 114 113 115 114
102 108 117 114 113 107
117 115 113 115 119 116
118 118 117 113 112 118
128 129 130 125 127 127
130 124 132 129 132 132
121 129 125 124 127 127
122 125 123 115 119 125
128 121 134 122 136 132
128 121 134 125 123 123
1 19 121 121 122 119 119
127 121 11 1 121 128 121
T404S 115
Table 23. SPOT #20 DRY SIGNATURE DATA
W L S P O T SI S 2 S 3 S 4 S 5 S 6 S7 S 8 S 9
3 9 0 2 0 7 7 7 7 7 7 8 6 81 7 9 7 9 81 7 9
4 0 3 2 0 7 4 7 3 6 9 77 7 5 7 0 6 9 7 3 7 4
4 1 5 2 0 1 0 4 9 9 9 7 9 8 9 8 1 0 6 10 5 102 9 6
4 2 3 2 0 1 0 6 9 6 9 5 107 106 9 9 10 6 100 94
43 1 2 0 7 5 7 6 8 0 8 5 8 0 8 2 8 5 86 7 9
4 4 2 2 0 8 5 7 5 7 6 8 4 7 8 7 9 8 8 8 0 8 0
4 6 7 2 0 9 7 8 6 9 6 1 0 4 98 9 9 97 100 102
4 7 7 2 0 91 8 9 8 6 9 2 91 8 9 8 7 8 2 8 3
4 8 8 20 8 6 81 8 5 81 8 5 8 9 91 86 8 3
4 9 4 2 0 8 5 79 8 3 84 8 5 8 5 81 78 8 0
5 0 9 20 7 9 8 6 8 3 8 4 8 5 8 7 8 5 82 8 7
5 1 8 2 0 8 6 8 5 8 5 8 7 8 7 8 3 9 5 86 7 4
5 3 0 2 0 6 6 6 6 6 7 7 7 7 0 67 7 0 71 6 9
5 3 5 2 0 8 0 7 9 8 0 7 3 77 81 8 2 79 7 9
5 4 9 2 0 9 0 8 8 8 5 77 71 71 7 5 74 8 2
5 6 2 2 0 9 5 8 7 8 5 101 91 9 3 9 8 9 6 9 5
5 7 2 2 0 7 3 7 6 7 7 7 5 7 5 7 6 7 3 7 3 7 0
5 8 6 2 0 8 0 71 7 5 7 6 79 7 8 75 71 7 5
5 9 2 2 0 71 6 7 6 9 7 8 7 2 6 7 71 7 2 6 7
5 9 9 2 0 8 5 7 9 8 3 8 5 80 8 3 8 3 81 8 3
6 2 5 2 0 8 3 7 9 8 0 8 0 8 5 8 9 7 7 7 6 7 9
6 3 0 2 0 7 3 70 7 3 7 4 71 7 2 7 8 73 6 7
6 4 9 2 0 74 6 8 6 9 7 8 7 0 6 6 7 2 74 7 4
6 5 6 2 0 8 3 7 9 7 9 8 5 81 8 0 8 5 7 9 8 4
6 6 5 2 0 91 8 5 7 9 8 6 8 5 8 6 8 0 79 8 2
6 7 8 2 0 7 7 8 2 7 9 81 7 2 7 4 7 8 74 7 7
6 8 8 2 0 8 3 7 7 7 6 8 2 7 8 7 7 8 2 8 2 8 3
6 9 6 2 0 91 8 6 7 8 8 3 81 81 7 8 7 5 8 0
7 U«i 20_ 6 7 7 0 6 9 7 3 6 7 6 3 6 0 6 3 6 3
7 1 9 20' 81 7 8 7 4 7 7 7 2 7 0 7 8 7 4 7 2
7 2 4 2 0 8 4 8 0 8 0 7 7 7 6 7 7 8 3 7 9 7 7
74 1 2 0 8 4 7 8 7 7 7 8 7 2 7 0 7 9 7 4 7 0
7 4 8 2 0 7 8 6 9 6 3 5 6 6 3 7 0 7 0 6 8 6 9
7 6 6 2 0 7 6 7 6 7 9 81 74 78 7 7 74 7 4
7 8 0 2 0 8 2 8 4 8 9 8 3 8 5 8 5 8 9 8 3 8 2
7 8 8 20 8 0 8 0 8 7 7 9 8 0 79 8 7 8 6 7 9
7 9 2 2 0 8 4 8 2 8 8 8 6 7 9 7 8 8 8 85 8 0
8 0 9 2 0 7 0 71 74 7 3 71 7 3 7 0 71 7 5
821 2 0 7 4 7 2 7 2 7 4 7 3 7 2 7 9 7 0 6 2
8 4 0 2 0 77 75 7 4 74 74 7 7 7 7 78 77
8 5 8 2 0 9 3 8 9 8 5 8 7 8 3 7 9 8 0 7 9 8 2
8 7 0 2 0 8 7 84 7 9 8 3 81 8 3 8 5 7 9 7 6
8 9 2 2 0 9 2 89 8 4 8 7 8 3 84 8 9 8 6 8 6
9 0 9 2 0 8 2 8 9 91 8 8 8 5 8 6 8 6 79 7 9
9 2 0 2 0 8 9 8 5 8 9 9 0 8 5 8 6 9 3 8 9 8 6
9 3 0 20 8 3 8 3 8 0 7 8 76 7 6 79 7 9 7 4
T404S 116
A p p e n d i x  B: LIGHT L E V E L  T A B L E S  (20 WET SAMPLES)
T404S 117
Table 24. SPOT #1 WET SIGNATURE DATA
UL SPOT S I S3 S3 S4 S5 S6 37 S8 S3
3 3 0  1 6 7 61 6 6 75 70 7 0 67 70 66
4 0 3  1 5 3 6 7 5 3 60 5 9 61 60 70 63
4 1 5  1 7 3 75 74 77 73 79 74 74 73
4 3 3  1 9 3 91 9 4 31 31 3 4 91 32 35
431  1 7 5 71 6 7 6 9 68 7 5 67 65 70
4 4 3  1 7 3 70 7 3 71 71 7 3 76 76 71
4 6 7  1 8 6 8 4 8 6 31 88 8 3 82 83 8 3
4 7 7  1 8 3 7 8 82 73 79 81 78 79 73
4 8 e  1 87 8 7 9 5 88 3 1 93 78 35 8 8
4 3 4  1 1 15 1 13 108 107 102 109 103 103 109
5 0 3  1 94 9 8 3 5 90 91 3 8 90 93 9 6
5 1 S  1 8 9 91 9 5 85 3 2 9 2 92 90 86
5 3 0  1 8 9 9 5 3 8 31 8 3 8 7 88 93 9 6
5 3 5  I 9 3 3 5 104 89 94 9 6 88 37 101
5 4 3  1 101 9 3 9 5 92 3 5 9 3 94 30 8 8
5 6 3  1 3 3 3 5 9 3 106 3 7 1 00 104 37 101
5 7 3  1 9 6 1 00 100 38 3 5 3 8 93 95 101
s e s  1 103 102 9 6 93 9 5 9 8 33 95 9 9
5 3 3  1 113 11 1 1 13 112 1 15 1 2 2 120 1 17 1 1 1
5 9 3  1 9 8 103 101 3 6 9 6 9 3 39 33 9 8
6 3 5  1 8 7 31 3 3 8 9 3 0 9 3 86 e& 8 5
6 3 0  1 106 1 06 107 104 107 110 101 98 103
6 4 9  1 9 2 9 7 9 8 101 104 9 3 94 93 9 5
6 5 6  1 8 6 9 0 9 4 3 0 8 3 8 7 9 3 30 91
6 6 5  1 94 9 9 1 0 0 93 3 5 1 0 0 98 98 101
6 7 0  1 100 103 98 101 103 100 100 3 9
e e s  1 92 3 3 9 0 30 8 9 8 9 85 85 9 2
6 9 6  1 97 9 7 103 3 2 9 9 9 9 96 94 9 3
7 0 3  1 94 3 4 9 4 86 8 3 9 2 87 89 8 9
7 1 3  l' 107 108 105 106 107 105 103 104 102
7 3 4  1 105 103 1 0 2 3 8 101 105 97 101 102
7 4 1  1 91 9 3 3 5 9 2 3 0 3 4 95 33 8 7
7 4 8  1 84 8 5 9 2 84 91 9 4 85 90 3 2
7 6 6  1 107 103 101 105 102 102 102 102 105
7 8 0  1 85 8 8 9 2 94 8 9 S3 86 84 8 5
7 8 8  1 9 3 9 6 9 4 8 7 9 0 9 0 84 94 3 7
7 3 3  1 9 0 3 2 9 6 3 2 87 8 7 90 86 8 9
8 0 3  1 8 9 8 6 8 5 31 e& 8 3 80 73 8 5
8 31  1 106 107 106 101 102 107 93 101 105
8 4 0  1 104 103 110 108 104 105 114 1 10 103
e s e  1 9 3 91 9 3 101 100 103 97 98 103
8 7 0  1 3 8 9 6 9 6 9 8 101 100 102 95 9 6
8 3 3  1 8 3 9 0 91 8 3 8 5 91 90 93 3 4
9 0 9  1 100 9 8 3 8 97 9 7 105 101 98 3 8
9 3 0  1 8 3 8 5 8 3 8 8 8 5 9 2 83 89 8 3
3 3 0  1 1 10 1 10 103 106 105 107 1 1 1 1 14 107
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Table 25- SPOT #2 WET SIGNATURE DATA
UL SPOT S i S3 S3 S4 S5 S6 S7 se S9
3 9 0 76 74 74 7 6 70 6 7 73 6 9 69
4 0 3 o 83 74 7 0 73 73 74 8 3 77 75
4 1 5 o 100 9 9 9 8 98 98 1 03 9 5 96 91
4 3 3 2 131 1 £ 0 1 15 116 115 1 19 1 13 1 13 117
431 cl 9 6 9 3 9 5 8 9 89 91 95 95 93
4 4 3 2 101 101 9 8 101 103 101 98 101 1 03
4 6 7 2 1 17 113 113 11 1 108 103 114 117 1 15
4 7 7 c 1 10 113 1 10 106 105 109 1 10 113 107
4 8 6 2 1 19 138 134 138 138 i JjC. 131 138 137
4 9 4 6 160 158 166 163 163 163 163 160 163
5 0 9 Cl 135 135 1 dd 133 130 1 30 1 35 131 138
5 1 8 d 133 138 130 133 139 1 d u 137 136 1 19
5 3 0 o 150 150 1 4 9 145 145 148 145 145 1 48
C - 7 CJ v j J 2 135 136 137 133 133 143 133 135 148
5 4 9 u 1 4 0 136 1 37 135 140 143 140 136 134
5 6  £ c. 143 139 131 139 139 133 143 138 136
5 7 3 2 139 1 40 143 143 140 133 137 143 146
5 8 6 c. 144 137 1 43 139 143 141 139 136 131
5 9 3 c. 157 161 1 63 161 163 168 166 161 160
5 9 9 c. 137 131 139 138 133 140 133 135 134
6 3 5 2 133 1 3 5 137 1 rivJ 138 139 134 133 1  w f d
6 3 0 Cl 148 147 146 144 146 145 1 46 146 145
6 4 9 a 144 1 43 1 4 4 139 133 139 146 144 143
6 5 6 2 145 1 43 141 145 143 141 149 144 143
6 6 5 c. 143 1 40 1 3 5 139 137 136 136 138 141
6 7 8 c. 1 40 141 1 4 3 1 Jf& 138 143 141 141 141
&ea d 138 1 38 134 136 134 134 134 133 133
6 9 6 d 134 134 136 131 134 136 135 134 134
7 0 3 c 134 1 36 1 36 136 135 136 136 133 135
7 1 9 •-T 154 151 150 150 153 1 5 3 149 149 150
7 3 4 d 144 1 44 146 140 144 145 143 143 140
741 "c! 143 139 136 140 136 138 139 136 137
7 4 8 c. 133 131 1 35 133 133 1 u C 133 134 134
7 6 6 c. 143 1 4 3 1 39 140 143 143 145 146 146
7 8 0 d 130 134 1 3 7 134 1 vie! 1 i j C 134 134 134
7 8 8 Cl 133 134 137 133 135 134 139 130 134
7 9 3 d 134 131 134 134 135 136 136 136 1 36
8 0 9 d 136 133 1 36 133 137 133 133 131 139
831 d 167 164 159 163 161 160 155 156 157
8 4 0 d 160 159 163 159 157
< C 7  1 163 161 159
8 5 8 2 150 146 146 148 146 146 150 145 143
8 7 0 2 146 146 1 48 140 139 140 150 144 141
8 9 3 2 138 137 1 37 139 138 137 1 40 1 40 141
9 0 9 2 151 153 147 149 148 151 153 151 149
9 3 0 2 143 1 4 0 139 144 146 146 144 145 145
9 3 0 2 163 160 166 153 155 163 155 159 159
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Table 26. SPOT #3 WET SIGNATURE DATA
WL SPOT S I S3 S3 S4 S5 S6 S7 S8 S3
3 9 0 -7 74 71 7 3 69 71 77 70 78 7 5
4 0 3 3 7 5 74 71 78 68 6 7 76 74 74
4 1 5 3 9 5 9 5 9 3 1 01 9 6 31 93 97 3 5
4 3 3 3 1 16 115 1 13 1 16 1 14 11 1 113 1 10 u s ­
4 31 3 9 0 8 9 8 5 34 85 3 6 86 88 e e
4 4 3 3 9 6 96 10 1 100 9 6 9 4 99 99 9 5
4 6 7 3 106 101 103 1 0 5 9 8 101 1 13 1 1 1 113
4 7 7 3 1 1 £ 107 1 0 6 1 06 1 0 4 105 105 107 1 07
4 8 8 ~; 131 1 16 183 1 tZ. c. 184 184 187 184 1 16
4 9 4 1 7 1 166 160 168 166 166 168 166 165
5 0 9 3 138 134 188 1 137 137 188 186 1 3 6
5 1 8 119 1 15 183 131 117 180 137 187 1 18
5 3 0 136 1 36 141 136 ' 141 141 143 141 1 36
c r  7 c  
_J S j 130 137 1 vj5 1 33 1 -‘~r 138 138 130 139
5 4 9 3 134 133 136 138 134 134 133 1 j .6 138
5 6 3 3 141 136 136 141 138 135 145 133 140
5 7 3 3 144 145 145 138 139 139 139 136 1 35
5 8 6 3 137 134 138 140 139 1 o C 134 135 137
5 9 6 3 167 168 1 68 168 166 168 165 167 1 7 0
5 9 9 16 6 137 185 130 1 CL ill. 130 137 163 119
6 3 5 3 139 135 188 141 134 137 131 188 1 3 0
&  3 o 3 139 1 40 141 143 1 46 144 141 141 143
6 4 9 - 147 1 44 141 133 1 38 148 148 143 1 33
6 5 6 3 1 3 6 131 135 1 j 5 134 135 136 1 1 35
6 6 5 ^j 1 3 7 136 138 136 1 37 136 136 133 1 38
6 7 8 3 137 136 138 141 141 141 141 138 1 38
688 3 139 133 134 1 30 130 130 1 30 133 131
6 9 6 3 1 3 3 133 131 1  u  J 1 JjJj 1 30 135 133 136
7 0 3 3 1 33 130 133 1 31 1 30 138 134 135 1 3 3
7 1 9 > 147 146 146 145 148 150 150 148 1 48
7 3 4 3 143 137 137 139 137 138 141 136 136
7 4  1 3 138 136 135 136 137 138 138 135 1 36
7 4 8 3 1 19 1 83 133 1 30 189 1 39 139 138 136
7 6 6 . j 139 1 40 137 136 1 3 6 141 141 1 40 1 3 9
7 8 0 131 130 134 1 30 1 3 0 1 3 0 133 137 130
7 8 8 3 130 184 130 134 133 136 131 138 131
7 9 3 3 131 130 130 1 34 188 136 138 138 130
8 0 9 3 131 131 189 1 30 180 130 138 184 1 3 3
8 31 3 1 5 3 158 154 i  cr 1 will 1 c r c r  1 J J 157 154 153 157
8 4 0 3 156 157 156 1 c* O 1 j d 1 cr “2 146 157 156 1 55
8 5 8 3 i 4 0 139 1 38 1 "• a 141 143 141 140 133
8 7 0 3 139 .138 134 138 1 3 6 1 3 6 134 135 1 39
8 9 3 ,3 1 33 1 38 134 131 134 133 134 131 1 3 3
9 0 9 3 141 137 140 1 40 1 38 141 143 148 138
9 3 0 3 138 1 35 131 i 30 131 138 139 133 1 3 5
9 3 0 3 157 155 15 c.' 154 154 154 156 156 1 53
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Table 27. SPOT #4 WET SIGNATURE DATA
WL SPOT S I S2 S3 S4 S5 S6 S7 S8 S3
3 9 0 4 6 3 67 61 72 67 6 3 60 64 6 2
4 0 3 4 6 3 61 62 60 68 6 2 6 3 61 61
4 1 5 4 7 4 72 76 79 73 7 5 80 76 77
4 2 3 4 91 9 5 93 87 89 3 4 97 96 9 8
4 31 4 71 7 0 6 6 65 69 7 3 56 69 70
4 4 2 4 6 3 7 0 72 70 70 70 68 70 7 5
4 6 7 4 8 9 e 5 e4 84 88 3 0 83 e4 8 6
4 7 7 4 7 2 7 9 8 5 77 7 3 8 0 75 73 77
4 8 8 4 74 7 9 87 86 84 84 83 83 8 3
4 9 4 4 1 0 0 99 102 1 02 1 0 1 9 8 100 98 101
5 0 9 4 8 9 9 3 90) 85 93 1 0>2 86 92 3 3
5 1 8 4 8 5 91 87 34 85 8 9 83 88 8 8
5 3 0 4 8 7 9 3 9 5 94 91 8 7 91 94 9 3
c r  *7 c 4 91 91 94 S3 30 9 6 99 98 9 5
5 4 9 4 91 1 02 101 10)0) 102 103 3 2 9 7 9 6
5 6 2 4 9 8 9 6 102 10)0) 101 10)4 101 96 100
5 7 2 4 104 101 97 98 96 9 8 93 102 103
5 3 6 4 9 5 9 3 92 96 94 3 6 83 91 9 6
5 9 2 4 110 1 07 103 117 1 11 10) 1 111 109 1 08
5 9 9 4 9 5 91 91 95 94 91 93 97 9 4
6 2 5 4 8.9 9 2 9 0 91 95 8 3 8 3 9 0 9 3
6  3u 4 1 06 1 12 106 103 1 o& 101 103 104 10)3
6 4 9 4 104 1 03 102 10>2 10) 1 1 0 2 105 10)4 10)6
6 5 6 4 8 7 9 5 94 96 94 9 4 87 90 91
6 6 5 4 102 1 03 98 10)0) 103 105 103 109 104
6 7 8 4 1 00 106 104 102 10)0 10)0 108 104 103
6 8 8 4 9 0 9 2 9 3 85 83 9 3 9 5 34 91
6 9 6 4 9 8 9 8 9 9 97 93 3 5 9 6 97 9 8
7 0 3 4 9 5 9 7 91 68 93 3 3 9 5 9 6 9 5
7 1 9 '4 1 04 109 1 13 106 107 103 106 107 1 1 1
7 2'4 4 104 103 106 99 106 1 10 10)4 106 103
7 41 4 9 7 91 93 10)0) 93 9 6 97 91 3 4
7 4 8 4 9 4 94 9 0 " 8 5 86 8 9 8 8 89 8 8
7 6 6 4 9 9 105 104 99 102 103 101 104 10)4
7 8 0 4 8 6 9 5 9 3 86 9 3 9 3 9 0 89 9 3
7 8 8 4 9 3 87 85 88 90 3 4 91 3 3 8 8
7 9 2 4 91 3 2 9 4 34 9 2 3 2 83 9 0 8 3
8 0 9 4 8 6 8 6 83 83 87 3 2 81 85 91
821 4 1 02 10>6 106 103 105 1 0 5 i o e no no
3 4 0 4 109 107 108 114 115 1 17 1 12 117 1 20
8 5 8 4 9 7 9 3 9 3 1 0)0) 96 1 0)4 96 36 10)4
8 7 0 4 3 9 9 4 9 6 92 91 9 4 83 9 5 9 6
8 9 2 4 8 6 8 9 e7 85 30 9 2 90 87 91
9 0 9 4 9 4 3 6 9 2 33 37 9 5 3 7 37 9 4
9 2 0 4 89 90 91 65 90 9 3 85 33 9 5
9 3 0 4 10>5 1 1 1 1 12 107 106 106 107 10)6 1 07
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Table 28. SPOT #5 WET SIGNATURE DATA
WL SPOT SI S3 S3 S4 S5 S6 S7 S8 S9
39 0 crU 69 73 74 68 69 74 70 7 3 74403 cr 68 67 70 69 7 1 67 69 74 68415 5 83 83 83 ei 85 e6 G  1CJ 83 84433 cr 87 31 88 86 89 91 88 91 91431 c r 74 77 75 76 73 70 70 73 73443 cr 69 75 74 73 74 77 71 67 694 b 7 5 85 93 93 83 88 91 88 91 93477 83 83 85 84 83 83 85 91 86488 cr 81 91 97 86 85 87 es eo 834 9 4 crv_J 98 10 4 1 1 1 1 10 107 109 1 1 (j 103 105509 crU 85 91 96 93 67 91 87 96 91513 cru 89 90 81 86 63 83 85 77 79530 5 79 78 76 70 74 78 73 70 76
ITT "? cr cr
U 86 91 93 93 88 81 83 89 90549 cr 89 93 91 84 86 91 79 87 85563 c r 65 93 98 95 91 85 95 98 89573 c rU 86 85 94 89 83 83 78 74 77588 c r 86 86 86 86 87 86 85 87 85593 5 91 93 89 101 106 93 101 107 100599 crO 88 93 33 85 89 89 83 63 87635 cr es e7 83 76 74 77 81 83 81630 _J 94 96 97 99 93 94 91 94 94649 CT 86 91 87 80 79 85 78 83 83656 cr-.J 101 105 109 104 103 106 97 101 106665 t rU 90 85 85 88 83 85 78 80 es67 a crU 78 79 84 eo 85 87 60 84 88688 crU 81 83 79 79 83 75 80 80 7969 tj crsJ 78 76 81 83 83 84 87 85 79703 crU 63 70 70 74 75 76 69 73 74719 cO 87 86 93 85 85 91 86 90 89734 5 84 91 94 89 90 87 85 81 81741 cr 84 87 ee 83 83 86 87 87 83748 cr 74 76 73 73 74 77 74 73 68766 cr 33 100 100 100 95 96 94 94 97780 t r 89 90 89 8-7 88 86 91 87 83788 crvj 93 96 93 91 95 89 90 93 91
7 93 5 98 93 96 95 101 97 97 97 109809 c r 99 101 96 91 95 96 95 93 93831 c r 131 137 133 133 134 1 18 1 15 119 131840 cr 118 135 134 117 131 131 113 119 1 18858 crU 131 138 1 19 lie 133 133 133 130 1 16870 cr 130 119 1 18 1 13 114 131 1 15 131 133893 crU 106 ice 110 110 105 104 103 109 107909 crV_J 119 130 1 18 118 119 138 131 131 119930 cr 104 105 105 106 115 113 100 103 108930 t r 103 103 103 103 103 108 103 103 1 03
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Table 29. SPOT #6 WET SIGNATURE DATA
WL SPOT S I S2 S3 S4 S5 S6 S7 S8 S9
3 9 0 6 7 4 7 4 7 8 74 78 7 9 76 79 79
4 0 3 6 7 3 7 6 6 9 71 7 5 71 71 67 6 9
4 1 5 6 9 3 91 8 9 90 9 0 91 69 8 8 9 3
4 2 3 6 8 9 8 9 91 89 9 0 9 0 9 2 9 0 8 5
431 6 74 7 8 74 74 7 5 7 5 78 80 7 4
4 4 2 6 6 9 74 7 5 68 72 78 77 72 70
4 6 7 6 8 6 91 91 89 8 6 8 9 92 89 89
4 7 7 6 7 9 84 8 5 81 79 80 79 79 78
4 6 6 6 8 5 8 9 8 3 80 81 8 3 81 82 8 8
4 9 4 6 8 3 8 5 6 4 101 8 9 9 0 79 81 79
5 0 9 £ 8 5 87 9 2 89 93 86 89 90 87
5 1 8 6 7 8 7 5 7 9 84 7 9 7 9 81 86 84
5 3 0 6 6 9 6 9 6 4 67 6 6 71 64 60 67
cr 77 cr 6 81 9 0 8 8 87 8 4 77 91 83 8 0
5 4 9 6 8 6 91 8 7 63 8 6 8 8 86 87 8 5
5 6 2 6 9 2 8 9 ee 83 8 6 8 9 87 82 8 6
5 7 2 6 7 5 7 4 6 7 80 8 0 81 70 74 7 9
5 8 6 6 7 7 8 0 7 8 79 82 7 4 85 80 6 9
5 9 2 6 eo es 8 3 8 3 9 5 8 3 86 88 7 7
5 9 9 6 8 7 8 6 74 91 8 5 8 0 83 78 7 7
6 2 5 6 77 7 5 7 6 79 7 9 7 3 68 70 7 3
6 3 0 6 8 0 8 7 9 3 88 87 8 6 86 8 6 8 5
6 4 9 6 7 7 7 9 7 6 75 77 7 7 73 7 8 7 5
6 5 6 6 8 2 8 6 8 3 82 8 4 8 6 82 8 4 8 5
6 6 5 6 8 3 8 3 8 0 76 7 7 7 7 76 7 5 7 3
6 7 6 6 74 7 9 76 74 77 7 6 73 71 7 3
6 8 8 6 6 9 7 4 72 70 7 0 71 71 68 7 0
6 9 6 6 7 9 8 2 77 82 7 6 SO 80 81 8 0
7 0 3 6 6 0 6 9 6 0 68 7 0 7 0 66 63 6 9
7 19 6 ' 8 5 8 6 8 6 79 7 9 8 0 79 76 73
7 2 4 £ 8 7 89 8 3 83 81 7 8 - 83 8 2 7 9
741 6 7 2 7 2 76 77 7 7 7 6 77 76 76
7 4 8 6 6 2 7 0 6 3 64 5 8 6 8 65 6 2 6 8
7 6 6 6 8 5 8 3 8 2 83 8 4 8 3 85 81 8 4
7 8 0 6 8 3 8 0 7 8 80 8 0 8 4 74 78 7 8
7 8 8 6 8 6 81 7 6 81 8 3 8 5 78 79 7 9
7 9 2 6 8 0 8 6 87 B5 8 2 7 9 8 7 88 8 0
8 0 9 6 7 0 7 3 7 3 76 7 3 6 8 70 7 3 7 3
821 6 7 5 74 7 7 77 84 e 2 77 7 7 7 6
8 4 0 C 9 5 91 8 5 97 9 9 101 95 9 6 9 0
8 5 6 6 8 5 8 8 9 0 87 8 9 8 8 8 7 8 5 8 6
8 7 0 6 9 9 9 8 9 5 99 104 1 0 4 92 100 9 9
6 9 2 6 8 5 e& 91 90 9 2 8 9 91 91 8 5
9 0 9 6 9 4 9 8 9 5 93 9 6 9 8 104 102 9 7
9 2 0 6 3 5 91 9 5 86 8 7 9 2 92 9 3 9 3
9 3 0 £ 81 81 7 9 85 8 5 8 2 79 76 7 5
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Table 30. SPOT #7 WET SIGNATURE DATA
WL SPOT SI S3 S3 S4 55 S6 S7 S8 S9
390 7 64 63 76 67 55 62 67 65 64
403 7 58 67 59 50 60 67 59 60 65
415 7 75 72 71 79 77 68 78 74 73
403 7 85 87 86 91 88 86 94 89 85
431 -> 65 69 70 67 64 65 69 63 63
443 7 69 67 68 65 68 67 73 75 73
467 7 es 80 82 89 85 85 8 3 83 83
477 7 78 75 79 79 78 76 77 76 74
488 ~t 81 82 86 82 79 76 87 83 79
494 i 91 94 94 107 92 86 97 86 95
509 1 83 91 94 94 96 95 89 89 92
518 7 83 85 86 84 80 se­ 89 86 70
530 7 83 76 82 85 83 es 90 88 86
cr “7 c r 7 101 39 88 93 89 87 93 93 89
549 7 99 94 98 94 91 91 98 92 93
563 7 103 104 95 99 98 104 95 99 102
572 7 91 89 94 90 90 94 103 95 91
586 7 90 91 93 99 94 93 98 94 94
593 7 1 04 97 101 127 115 105 124 112 107
599 7 94 89 89 95 90 83 88 91 93
635 7 94 96 91 87 85 87 88 94 97
630 7 101 107 109 100 105 1 12 103 102 109
649 7 98 101 98 101 98 97 99 91 96
656 ( S3 85 91 85 91 90 82 85 87
665 7 95 97 91 95 98 97 95 95 93
678 7 103 95 97 96 97 106 106 97 95
688 7 85 82 83 91 90 82 91 95 91
696 7 96 96 103 99 97 98 loe­ 97 92
703 7 93 95 94 97 91 90 ss 8S 89
719 7 106 106 103 105 103 103 107 107 102
734 7 101 97 103 101 99 102 100 101 104
741 i 93 91 91 94 90 92 91 89 89
748 7 87 87 85 86 87 91 85 90 88
766 7 103 103 101 109 106 93 103 105 99
780 7 84 89 92 84 90 94 87 88 86
788 7 87 87 89 86 87 90 89 86 90
793 7 90 90 89 89 90 91 93 93 87
809 7 82 83 86 86 87 83 85 84 82
831 “7/ 106 103 1 04 1 10 105 101 102 98 101
840 7 102 103 105 109 107 101 100 102 106
858 7 94 91 eg 85 83 8 3 91 85 85
870 7 92 87 87 93 96 94 88 90 94
egs 7 83 80 87 85 87 89 83 83 87
909 7 93 94 90 87 92 91 91 88 83
930 7 87 86 85 89 89 85 85 88 85
930 7 1 10 1 10 106 106 1 12 1 13 102 109 11 1
T404S 124
T a b l e  31. SPOT #8 W ET S I G N A T U R E  DATA
WL SPOT S I 36! S3 S4 C3 c r  33 ■-} S6 S7 S8 S3
3 SO 8 5 9 6 0 60 6 3 61 58 63 61 61
4 0 3 a 5 4 67 6 5 6 0 6 6 53 60 6 3 6 8
4 1 5 8 6 3 6 7 71 7 6 74 6 6 71 71 71
4 2 3 8 9 5 9 6 31 8 3 8 7 86 91 e s 8 6
431 8 7 5 7 3 67 6 7 67 6 3 74 70 6 7
4 4 3 8 6 7 74 73 6 3 6 7 6 0 71 7 3 6 3
4 6 7 6 8 4 84 83 7 3 76 78 90 8 5 8 6
4 7 7 Q 8 3 81 84 8 0 77 79 77 77 7 3
4 8 6 6 8 3 88 88 8 8 7 3 77 e& Ga­ e s
4 9 4 8 7 9 8 5 3 3 7 6 80 88 83 e l 8 3
5 0 3 8 9 3 31 8 6 9 3 91 83 67 3 0 91
5 1 8 Q 8 3 94 8 9 7 7 8 3 90 86 8 0 8 7
5 3 0 8 87 8 6 8 3 8 7 8 4 78 84 73 B 3
5 5 8 9 9 83 8 5 8 5 3 5 38 94 8 9 8 5
5 4 9 a 91 3 3 8 3 3 4 9 0 90 92 3 6 9 7
5 6 3 8 104 101 9 9 9 4 96 1 00 1 03 97 9 6
5 7 3 D 8 8 3 3 1 00 3 5 91 88 93 8 5 8 6
5 8 6 Qu 3 4 97 100 91 3 9 100 90 8 6 8 7
5 3 2 e 104 103 106 3 5 3 5 96 94 3 5 91
5 9 9 A 3 4 3 6 9 5 3 3 8 5 91 99 91 9 5
6 3 5 8 31 8 6 8 7 8 9 31 83 83 91 8 6
6 3 0 8 106 106 1 10 107 103 103 105 103 104
6 4 9 8 3 8 3 5 9 6 100 103 1 03 96 31 9 5
6 5 6 8 100 9 8 94 105 100 95 10 3 9 6 9 7
6 6 5 e 9 6 100 1 02 3 3 9 5 96 9 8 9 5 9 5
6 7 8 8 3 4 3 3 91 97 9 4 95 103 101 9 3
6 8 8 8 91 3 6 3 3 8 8 8 8 35 84 8 3 9 3
6 9 6 8 9 8 101 101 101 100 101 107 104 9 3
7 0 3 8 3 3 9 2 3 2 8 3 8 6 31 96 8 6 8 3
7 1 9 a 1 05 11 1 107 101 105 107 101 103 11 1
7 3 4 e 100 103 106 105 3 5 93 101 9 7 102
7 41 8 103 38 9 5 108 9 6 y 4 1 13 101 100
7 4 8 6 91 9 3 8 7 9 3 8 9 8 8 95 3 3 8 5
7 6 6 8 103 105 1 08 101 9 3 104 103 103 105
7 8 0 8 8 6 87 8 7 8 3 8 8 3 3 91 9 3 9 3
7 8 8 8 3 3 3 4 9 4 31 3 3 91 91 9 3 3 4
7 3 3 8 31 3 3 9 5 31 98 37 9 3 8 6 8 e
8 0 9 8 S3 8 6 8 6 8 9 84 80 89 9 0 91
831 8 107 106 1 0 6 1 0 2 101 106 113 110 108
8 4 0 o•_ J i 3 0 113 109 11 1 107 106 117 1 13 1 12
8 5 8 8 3 4 9 6 10 1 101 103 105 103 9 9 102
8 7 0 8 9 8 100 101 101 100 101 33 100 102
8 3 8 8 35 33 31 34 9 5 33 39 3 8 ge
3 0 3 8 100 101 103 9 3 101 104 105 100 103
3 3 0 8 3 4 33 90 3 6 93 94 101 3 5 9 3
3 3 0 8 101 106 109 1 04 106 1 13 1 04 1 09 1 1 1
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T a b l e  32. SPOT #9 WET S I G N A T U R E  DATA
W L bf-'U 1 S I S3 S3 S4 S5 S6 S7 S8 S9
3 9 0 g 78 8 0 75 74 76 7 2 77 76 77
4 0 3 9 67 71 74 73 78 76 74 70 70
41 5 g 8 9 8 8 9 0 88 93 9 2 89 91 9 2
4 3 3 9 8 9 8 8 9 0 9 0 87 91 93 8 9 8 8
4 3 1 9 7 5 7 5 7 5 71 74 7 3 75 79 7 7
4 4 2 9 67 7 3 7 4 69 73 7 5 71 74 7 3
4 6 7 9 9 0 9 3 8 8 87 90 8 7 8 6 8 9 8 7
4 7 7 9 77 7 9 7 9 79 81 7 8 81 8 6 8 3
4 8 6 9 8 5 7 9 7 6 79 83 81 6 6 8 0 77
4 9 4 9 8 9 103 109 93 103 105 90 9 0 8 6
5 0 9 9 87 87 8 3 83 66 8 6 90 69 7 9
5 1 8 9 83 8 3 7 9 75 78 78 78 7 8 71
5 3 0 9 6 8 6 2 61 67 54 6 0 59 6 2 6 3
cr *7 cr 9 7 8 8 3 8 7 85 86 8 5 87 8 9 8 5
5 4 9 9 8 5 8 5 8 3 79 79 8 0 86 78 7 2
5 6 3 9 8 5 87 91 8 5 85 8 6 88 8 9 8 6
5 7 3 9 79 7 6 6 9 70 7 6 7 5 7 6 7 6 7 0
5 3 6 g 7 5 77 7 4 71 7 2 7 5 71 71 7 3
5 9 3 9 7 8 8 3 9 3 75 86 1 03 79 8 5 6 4
5 9 9 9 8 3 8 9 8 4 76 82 8 3 76 71 73
6 3 5 9 74 7 0 71 6 6 70 7 4 76 71 6 7
& 3 0 9 88 8 6 8 3 85 83 7 9 8 2 83 8 5
6 4 9 9 71 7 3 7 7 7 6 74 7 6 70 74 7 6
6 5 6 9 76 7 8 7 6 71 7 5 7 9 76 76 7 4
6 6 5 g 8 0 7 7 81 79 80 7 6 74 e i 6 0
6 7 8 g 74 75 7 5 72 73 7 3 7 0 7 6 7 6
6 8 8 9 7 3 7 3 7 3 69 71 71 70 74 6 9
8 9 6 9 73 7 0 7 3 71 71 7 6 67 73 79
7 0 3 9 6 3 6 3 6 3 64 5 6 6 5 64 61 7 0
7 1 9 •3T 8 3 8 5 8 4 85 85 8 5 8 2 8 6 8 9
7 2 4 9 7 5 7 8 7 7 79 79 7 4 7 8 7 9 7 5
7 4 1 9 6 9 70 7 4 72 77 8 2 76 78 7 3
7 4 8 9 67 6 9 6 3 63 6 0 5 9 6 0 67 6 0
7 6 6 9 7 3 73 7 4 80 83 8 7 7 8 76 7 6
7 8 0 g 71 6 9 7 8 73 79 8 0 72 71 7 7
7 8 8 9 78 7 5 7 6 76 76 8 0 79 7 4 7 3
7 9 8 g 79 8 6 81 73 78 8 2 77 77 8 2
8 0 9 9 7 2 70 6 9 69 66 6 5 70 67 71
8 8 1 9 77 7 3 6 9 75 76 7 2 6 7 70 7 4
8 4 0 9 88 8 8 91 90 85 8 6 88 91 91
8 5 8 9 84 8 7 8 7 83 79 7 9 8 4 8 2 8 5
8 7 0 9 9 4 9 3 9 0 94 9 8 9 0 9 3 9 2 9 3
8 9 2 g 8 4 8 3 8 3 83 8 8 8 5 81 87 6 5
9 0 9 9 9 2 9 3 9 4 9 0 9 2 9 3 9 0 88 8 9
9 3 0 g 8 5 8 5 8 5 85 8 6 67 8 5 85 8 7
9 3 0 9 7 8 8 5 8 9 83 8 0 7 8 79 77 7 6
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T a ble 33. S P O T  #10 WET S I G N A T U R E  DATA
WL SPOT S I S3 S3 S4 S5 S6 S7 sa S3
3 3 0 10 66 6 2 6 3 62 67 5 6 70 6 7 68
4 0 3 10 6 3 6 5 5 3 66 64 6 2 60 62 5 8
4 1 5 10 72 7 2 7 0 71 67 6 7 65 63 74
403 10 3 0 3 0 8 4 86 8 5 8 5 8 5 3 2 3 4
4 31 10 60 6 3 6 5 66 6 3 66 6 7 6 3 71
4 4 2 10 6 3 74 71 71 7 4 6 3 5 8 68 67
4 6 7 10 77 73 e 3 80 73 8 7 77 8 0 81
4 7 7 10 77 7 7 73 70 71 7 8 77 73 77
4 8 8 10 74 76 7 8 78 74 74 8 4 86 7 3
4 3 4 10 3 3 3 5 3 8 33 102 3 5 3 7 3 8 102
5 0 3 10 87 86 8 2 86 84 84 7 3 85 87
5 1 8 10 7 3 73 7 6 7 3 73 7 5 7 3 7 3 81
5 3 0 10 7 8 7 6 7 4 7 4 7 2 7 3 71 7 6 7 5
5 3 5 10 3 2 8 3 8 5 8 5 8 5 8 2 7 3 84 8 2
5 4 3 10 83 8 3 31 3 3 e 2 7 6 e 4 31 3 2
56c. 10 31 3 5 8 3 8 3 8 7 3 0 8 2 8 3 8 7
5 7 2 10 8 5 77 7 3 78 7 6 7 3 8 0 8 3 8 5
5 8 6 10 7 6 7 6 7 3 7 6 61 8 0 8 3 7 3 77
5 3 8 10 3 4 3 5 3 4 3 5 31 8 7 3 6 3 8 37
5 3 3 10 8 3 8 7 8 2 87 8 6 8 0 8 6 8 6 81
6 2 5 10 8 3 7 3 7 8 84 0 3 8 0 7 7 7 3 7 3
6 3 0 10 8 8 8 3 8 3 83 8 2 88 81 84 8 3
6 4 9 10 81 8 4 8 5 8 4 8 2 8 3 81 8 2 86
6 5 6 10 106 104 103 103 103 1 0 6 103 100 1 04
6 6 5 10 75 7 3 7 5 73 7 3 7 4 8 3 73 7 3
6 7 8 10 8 3 8 4 eo 8 5 7 3 7 3 8 5 86 8 5
688 10 7 6 7 8 7 6 72 7 3 7 7 73 76 73
6 3 6 10 76 8 0 8 3 77 7 6 71 73 81 73
7 0 3 10 ~7Z' 71 7 6 75 7 6 7 3 73 71 68
7 1 3 10' 84 8 5 88 81 81 8 5 8 3 8 5 8 4
7 2 4 10 87 8 5 8 7 87 88 8 5 3 2 32 8 5
7 4 1 10 8 6 8 7 0 3 8 3 8 5 8 0 7 3 78 74
7 4 8 10 74 7 3 71 74 7 2 7 0 6 7 73 7 5
7 6 6 10 34 3 2 86 87 3 0 31 88 32 3 2
7 8 0 10 86 8 3 8 3 8 5 8 7 es 86 31 8 3
7 8 8 10 30 87 8 3 ‘ 3 0 87 31 8 2 8 5 3 0
7 3 2 10 3 0 88 3 0 8 5 31 3 5 6 3 32 8 3
8 0 3 10 8 3 88 3 3 35 8 3 88 3 5 101 3 2
8 21 10 1 15 1 16 113 118 122 116 113 122 1 13
8 4 0 10 12 1 122 120 1 13 123 122 118 125 1 25
0 5 8 10 108 1 0 6 106 110 103 1 0 7 103 107 1 10
8 7 0 10 104 107 n o 108 108 110 107 107 104
6 3 2 10 104 107 103 107 108 1 04 103 104 104
3 0 3 10 1 10 I 12 103 1 10 107 1 0 7 1 10 112 1 11
3 2 0 10 34 3 6 8 3 1 03 103 3 3 3 6 38 102
3 3 0 10 1 00 101 105 38 1 0 0 3 3 100 103 104
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Table 34. SPOT
WL SPOT S I S3
3 3 0  11 74 78
4 0 3  1 1 74 69
4 15 11 3 6 37
4 6 3  1 1 133 1 1 4
4 31  1 1 8 9 88
4 4 6  11 1 0 0 101
4 6 7  1 1 106 106
4 7 7  1 1 1 1 1 107
4 0 e  1 1 1 30 133
4 3 4  1 1 188 187
5 0 3  1 1 1 40 1 40
5 1 8  11 128 139
5 3 0  1 1 153 151
5 3 5  1 1 145 144
5 4 9  1 1 145 1 43
5 6 3  11 147 148
5 7 6  11 155 156
5 8 6  11 148 146
5 3 8  11 1 8 6 184
5 3 9  11 140 .1 3 6
6 6 5  11 143 148
6 3 0  1 I 4 crcr 1 OvJ 156
6 4 9  11 155 15vj
6 5 6  11 145 141
6 6 5  11 148 147
6 7 8  1 1 153 151
6 8 8  11 144 148
6 3 6  1 1 140 143
7 0 3  11 145 147
7 1 9  1 f 167 160
7 6 4  1 1 156 143
7 41  I t 149 145
7 4 8  1 1 144 143
7 6 6  11 148 1 46
7 8 0  1 1 141 133
7 8 8  1 1 1 40 136
7 9 8  11 148 143
8 0 9  1 1 141 137
8 8 1  11 1 6 5 165
8 4 0  1 1 169 167
8 5 8  11 151 147
8 7 0  11 148 143
8 9 8  11 1 45 1 33
9 0 9  11 150 149
3 2 0  1 1 137 133
3 3 0  1 1 167 166
WET SIGNATURE DATA
S4 S5 S6 S7 S8 S3
73 7 6 6 6 76 73 78
76 7 6 7 4 76 75 74
37 9 5 9 5 90 93 9 6
115 117 117 119 1 13 117
96 8 3 8 6 89 83 93
100 100 10 1 106 101 9 5
113 109 101 114 1 10 108
10 4 109 11 1 115 1 13 1 13
168 138 134 133 134 137
188 183 188 188 173 179
144 139 148 141 137 133
136 130 1 136 138 133
154 154 151 156 15c 153
146 137 140 143 141 135
151 144 143 149 147 145
150 146 146 148 149 151
15c 1 56 157 154 154 153
150 146 146 153 147 147
186 183 183 188 18c 183
143 138 1 viC. 143 140 137
137 134 141 148 141 143
156 157 156 156 155 156
156 155 155 156 1 56 155
146 145 144 147 144 141
151 151 1 48 146 143 151
151 158 151 154 158 15c
147 143 14-3 148 148 143
143 138 136 147 143 140
144 144 1 46 146 145 145
168 160 161 158 160 158
150 151 15 c 158 153 155
151 147 144 148 144 148
143 141 137 143 137 135
151 148 145 151 147 145
140 136 1 38 135 134 1 35
138 140 1 39 143 140 136
146 1 4 0 1 3 8 145 143 143
148 141 139 136 137 14 1
169 166 166 171 166 1 68
166 168 1 65 166 166 166
149 149 149 151 150 145
148 143 143 146 143 148
143 142 1 38 146 143 140
1 c r - ~ i  1 U C . 150 148 149 147 145
1 40 134 134 138 143 141

















































Table 35. SPOT #12 WET SIGNATURE DATA
WL SPOT S I Sc S3 S4 S5 36 S7 S8 S3
3 3 0 I d 6 3 6 4 6 6 6 0 5 5 53 61 60 6 0
4 0 3 I d 6 2 6 5 53 67 6 5 6 9 64 55 6 7
4 1 5 I d 7 6 7 0 71 74 77 7 5 76 7 6 7 8
4 c! 3 I d 3 5 3 3 31 31 31 34 90 9 0 9 0
431 I d 5 6 64 6£ 66 6 6 67 70 64 6 4
44c! Id ­ 67 6 5 67 70 62 7 0 69 6 9 6 7
4 6 7 le' 74 8 2 88 B 3 90 88 8 2 81 8 2
4 7 7 1 £ 76 80 78 75 71 6 9 73 79 8 0
4 8 6 1 cl 7 7 77 83 76 79 85 75 77 84
4 3 4 1 0 4 37 36 1 16 108 102 109 11 4 1 12
5 0 3 13 3 0 83 88 31 9 0 31 94 83 8 6
5 1 8 12 8 4 76 77 81 7 9 80 8 5 8 3 8 6
5 3 0 12 8 5 8 7 34 87 3 4 100 9 6 9 6 1 0 3
5 3 5 I d 31 8 3 86 8 6 8 6 31 3 4 100 9 3
5 4 3 I d 3 d 3 0 3 3 3 4 3 4 9 5 102 9 6 9 5
5 6 2 I d 100 3 5 3 5 102 100 9 8 97 100 107
5 7 £ I d ee 8 8 33 100 9 8 104 101 101 1 06
5 S 6 1 2 3 0 8 6 85 31 8 3 07 8 6 9 0 9 9
5 3 £ I d 1 £ 3 1 14 107 182 1 16 112 122 120 121
5 3 3 1 v 8 7 8 0 84 31 8 3 8 8 89 8 4 8 3
6 2 5 12 8 3 6 £ 8 2 3 0 9 5 91 34 92 8 3
6 3 0 I d 3 4 31 33 3 6 100 108 105 104 1 06
6 4 3 I d 3 4 100 103 101 1 04 109 102 106 1 12
6 5 6 1 cl S3 88 3d 9 2 9 2 96 94 8 3 8 3
6 6 5 12 3 3 3 6 100 101 107 1 10 101 100 108
6 7 8 Id­ 3 6 37 103 105 102 106 102 105 1 06
6 8 8 le' 8 5 8 8 35 8 8 8 5 89 3 4 9 5 9 4
6 3 6 Ic ­ 8 3 3 0 3 8 3 6 9 5 102 91 9 8 9 6
7 0 3 i c ­ 3 5 3 6 36 3 8 9 7 105 3 8 100 1 0 8
7 1 3 le! 107 107 107 113 1 1 2 116 121 115 1 12
7 2 4 I d 107 106 106 108 1 0 5 109 107 108 111
741 I d 3 3 31 31 31 3 5 34 108 9 9 9 2
7 4 8 I d 84 8 2 87 87 8 9 8 8 91 86 8 3
7 6 6 I d 101 101 33 103 3 7 9 8 101 104 1 03
7 8 0 I d 8 7 3 5 83 88 8 6 94 86 9 0 3 4
7 8 8 1 cl 8 3 8 7 31 8 5 92 91 88 87 9 0
7 9 2 I d 81 3 0 35 31 87 8 3 90 3 0 93
8 0 3 1 £ 3 0 30 8 7 8 5 8 6 8 0 8 3 8 3 8 9
821 1 £ 107 1 10 103 104 104 110 100 102 U d -
8 4 0 Id­ 1 14 n o 1 10 1 -16 1 10 1 10 1 15 1 13 U S
8 5 8 le- 10 £ 3 8 1 04 1 07 106 98 1 01 1 05
8 7 0 Id­ 3 3 31 31 91 9 3 91 34 9 8 9 5
8 3 d le 8 8 84 8 5 84 8 6 3 2 91 91 9 0
3 0 3 12 31 8 3 31 9 5 9 8 3 6 36 9 5 101
3c  0 12 8 3 83 8 5 3 3 3 6 92 85 31 9 5
3 3 0 I d 105 n o 1 16 1 15 1 17 1 15 114 1 18 123
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Table 36. SPOT #13 WET SIGNATURE DATA
WL b‘f-'U 1 S I S2 S3 S4 5 5 S6 S7 S8 S9
3 9 0 - 70 6 5 6 7 76 76 74 68 67 71
4 0  3 3 77 75 71 6 9 69 74 70 6 9 75
4 1 5 8 9 9 0 9 7 9 2 90 93 96 91 97
4 3 3 3 106 1 1 1 1 15 107 1 1 0 112 104 104 1 13
431 3 8 3 8 0 8 4 8 5 81 84 83 85 85
4 4 2 ■? 8 9 8 3 8 9 9 6 89 95 9 5 97 92
4 6 7 .it 109 1 0 7 1 0 6 1 06 107 1 1 1 1 1 1 106 102
4 7 7 3 104 103 1 10 107 108 1 06 100 102 106
4 8 6 3 1 22 1 15 1 15 1 1 8 121 1 22 1 1 7 121 121
4 9 4 3 177 175 174 1 80 180 175 179 178 173
5 0 9 j 'j 124 1 30 1 26 133 129 1 2 6 134 135 129
5 1 8 3 128 1 18 128 122 123 188 129 126 129
5 3 0 3 146 1 4 3 142 145 142 144 147 146 145
5 35 3 138 1 34 1 34 138 141 138 134 136 137
5 4 9 vJ 147 1 4 6 1 45 142 141 138 149 148 146
5 6 2 3 141 1 3 8 1 38 143 143 135 146 143 142
5 7 2 ji 145 1 4 6 1 48 148 144 146 1 50 149 146
5 6 6 6 139 1 4 2 138 1 40 1 40 139 141 136 136
5 9 2 6 182 180 1 8 2 182 182 183 183 184 181
5 9 9 129 127 131 132 130 134 129 130 1 j C
6 2 5 138 1 34 1 3 2 137 134 136 139 136 136
6 3 0 j 147 1 49 148 148 146 149 153 152 149
6 4 9 3 146 1 4 7 1 50 148 147 150 149 146 149
6 5 6 j 141 1 3 8 1 36 138 136 136 136 138 139
6 6 5 3 137 141 1 4 3 139 136 136 139 136 136
6 7 8 144 1 42 144 143 144 141 144 142 146
6ea 3 137 1 3 5 1 3 5 1 4 0 137 136 135 139 139
6 9 6 136 1 4 0 1 4 2 138 138 137 136 135 142
7 0 3 3 135 1 3 0 132 132 132 139 1 4 0 136 138
7 1 9 •-U. 150 151 1 5 4 154 154 154 147 151 154
7 2 4 3 1 4 8 1 4 6 1 47 146 149 147 141 144 144
741 ■Jj 144 1 4 5 1 46 142 141 143 145 146 143
7 4 8 1 32 134 1 3 6 137 136 135 132 136 138
7 6 6 6 142 1 40 137 137 137 142 142 138 137
7 8 0 3 1 j /5 1 3 6 1 3 2 132 134 136 131 132 134
7 8 8 134 1 3 2 131 134 134 131 129 134 137
7 9 2 3 137 134 1 3 2 134 134 137 138 139 137
8 0 9 3 1 32 1 3 0 1 3 2 136 1  CL 134 132 132 134
621 3 1 55 1 54 1 5 5 158 157 153 163 160 157
6 4 0 6 1 5 8 1 5 9 1 5 5 155 154 154 151 154 158
8 5 8 3 136 144 149 142 1 40 137 142 139 139
8 7 0 3 141 1 40 1 38 138 138 1 40 134 136 139
8 9 2 3 1 3 6 134 1 36 134 134 134 135 136 134
9 0 9 6 142 1 4 5 144 139 136 136 145 145 146
9 2 0 3 134 129 1 3 0 132 129 132 132 129 131
9 3 0 3 1 5 9 157 1 5 2 161 162 162 160 159 160
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Table 37. SPOT #14 WET SIGNATURE DATA
WL SPOT S I S£ S3 S4 S5 S6 S7 S8 S9
3 9 0 14 6 0 60 6 3 6 2 6 2 61 62 64 5 8
4 0 3 14 6 2 6 2 60 63 6 5 5 6 5 6 6 4 6 0
4 1 5 14 7 6 7 5 74 75 7 5 7 3 74 74 7 6
4 2 3 14 8 9 87 9 0 8 6 9 0 9 8 89 84 8 7
431 14 7 0 7 0 6 6 6 2 6 7 6 2 67 6 3 7 0
4 4 2 14 6 4 67 74 67 61 S3 67 67 6 8
4 6 7 14 8 4 80 85 8 7 8 9 8 3 79 78 7 9
4 7 7 14 7 4 75 74 7 6 7 0 74 7 4 7 0 7 r
4 8 8 14 6 9 75 80 69 76 83 77 8 0 8 3
4 9 4 14 9 2 9 7 101 1 04 9 7 100 98 101 9 9
5 0 9 1 4 8 7 8 2 81 82 8 4 9 0 85 8 6 9 0
5 1 8 14 8 2 84 8 5 8 4 8 3 7 9 8 5 8 9 8 5
5 3 0 14 8 2 79 87 9 2 9 0 8 6 83 91 9 4
c r  cr 14 8 5 89 89 8 5 8 9 91 8 8 8 9 9 3
5 4 9 14 8 8 8 5 90 87 8 9 e 6 8 3 8 8 9 3
5 6 2 14 9 0 9 3 9 0 9 0 8 8 93 9 2 8 4 9 0
5 7 2 14 8 8 8 e 9 3 87 9 0 9 5 9 2 9 0 9 5
5 8 6 14 81 86 9 2 89 91 9 2 8 9 9 0 8 7
5 9 2 14 9 6 94 102 1 0 3 102 101 104 106 106
5 9 9 14 8 9 8 9 9 3 8 6 8 4 8 5 81 8 8 91
6 2 5 14 8 2 8 6 8 7 8 6 9 2 88 7 8 84 8 2
6 3 0 14 9 7 100 101 9 3 9 4 97 94 9 9 9 7
6 4 9 14 8 8 94 9 7 9 2 9 7 9 8 88 8 6 9 7
6 5 6 14 8 9 8 5 8 6 82 8 8 9 4 85 9 4 9 5
6 6 5 14 8 3 86 91 86 8 5 9 3 95 9 8 9 4
6 7 8 14 8 8 91 9 6 9 0 9 4 102 87 9 8 1 0 2
6 8 8 14 8 0 8 3 9 0 8 0 8 3 8 6 8 0 87 9 3
6 9 6 14 8 5 86 88 87 8 9 9 0 87 91 9 2
7 0 3 14 91 89 85 86 9 0 9 2 8 6 9 2 9 3
7 1 9 14 101 98 100 98 100 101 103 100 101
7 2 4 14 9 4 9 9 9 9 95 9 9 9 5 100 102 1 0 6
7 41 14 8 5 8 9 92 8 6 8 6 89 85 86 9 3
7 4 8 14 8 2 80 86 7 8 7 6 7 9 79 8 2 81
7 6 6 14 8 6 8 9 94 8 3 9 6 100 88 9 5 101
7 8 0 14 7 6 83 89 79 8 6 84 82 8 7 9 0
7 8 8 14 8 6 81 79 8 3 7 9 79 78 83 8 5
7 9 2 14 7 9 8 5 91 84 8 9 8 8 87 90 8 8
8 0 9 14 77 75 77 85 8 0 7 9 80 8 5 9 2
821 14 9 5 9 6 9 2 100 100 100 9 7 102 1 0 4
8 4 0 14 1 0 3 104 101 105 106 1 09 102 108 1 1 1
8 5 8 14 9 2 91 9 5 91 9 5 9 9 101 103 1 00
8 7 0 14 8 6 88 91 87 91 9 3 8 9 9 3 9 7
8 9 2 14 8 8 87 8 8 86 91 8 9 8 5 86 9 2
9 0 9 14 8 9 87 91 8 9 91 9 3 88 9 4 101
9 2 0 14 8 5 88 87 84 84 8 9 87 9 3 8 9
9 3 0 14 10 1 104 108 101 103 107 10 1 109 1 14
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Table 38. SPOT #15 WET SIGNATURE DATA
WL SPOT SI S2 S3 S4 S5 S6 S7 se S9
390 15 64 62 71 67 56 62 62 64 55
403 15 63 60 57 57 53 61 61 56 57
415 15 70 69 68 70 70 65 76 70 66
4 2 3 15 94 91 87 97 eg 90 31 95 94
431 15 65 55 62 65 70 71 62 c r cr JJ 55
4 42 15 66 60 65 63 68 61 63 63 60
467 15 77 73 76 77 76 77 77 73 77
477 15 76 75 7 3 78 73 75 75 71 67
486 15 83 85 78 77 76 71 83 88 77
494 15 1 02 1 00 90 38 37 94 34 96 89
509 15 92 91 78 30 82 73 87 68 83
518 15 76 85 81 80 83 83 88 83 79
530 15 82 e7 85 81 83 85 89 87 83
c r "7 c r 15 90 92 94 80 85 94 90 sa­ 81
549 15 87 86 3 3 97 36 101 95 gs 83
562 15 94 98 91 93 94 91 34 30 87
572 15 92 95 91 31 36 95 100 34 94
586 15 99 32 88 33 97 30 92 33 94
532 15 102 102 109 94 104 105 103 101 101
599 .15 36 90 92 90 89 83 91 92 68
625 15 S3 86 30 83 86 86 93 es 83
630 15 93 95 97 97 95 94 98 104 105
649 15 1 00 39 101 96 94 102 93 100 99
656 15 87 89 37 87 89 88 89 87 86
665 15 95 95 90 36 31 95 37 33 101
678 15 91 36 95 103 106 94 96 92 96
6Ge 15 87 92 86 89 87 80 89 es 87
696 15 92 89 91 85 93 95 92 96 33
703 15 38 30 30 87 88 87 91 eg 85
719 15 107 104 97 100 101 101 101 102 97
724 15 102 101 98 104 1 05 101 100 102 102
741 15 89 91 90 91 90 83 33 89 86
748 15 85 88 B7 85 88 85 81 85 30
766 15 89 85 30 95 96 89 103 38 94
780 15 86 73 77 88 87 85 83 86 85
788 15 76 87 08 86 86 83 84 79 83
792 15 89 88 82 86 e4 85 88 91 87
809 15 79 77 76 76 76 80 83 83 81
821 15 1 06 102 37 105 104 102 101 99 101
840 15 106 109 105 102 107 106 101 103 105
858 15 90 91 87 93 91 87 89 85 85
870 15 92 86 86 92 90 83 33 89 87
892 15 87 81 80 84 89 87 89 87 84
909 15 91 83 85 92 30 90 91 92 90
920 15 90 79 78 86 86 e& 86 86 85
930 15 1 1 0 109 1 03 1 06 1 03 103 108 104 103
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Table 39. SPOT
UJL SPOT S I S2
390 16 6 3 61
4 0 3 16 6 2 65
4 1 5 16 71 71
4 2 3 16 9 0 8 9
431 16 70 6 7
4 4 2 16 6 7 70
4 67 16 8 0 82
477 16 7 3 74
488 16 83 83
494 16 107 n o
5 0 9 16 6 3 8 6
5 1 8 16 7 9 7 9
5 3 0 16 8 4 87
5  5 16 8 5 83
5 4 9 16 8 3 84
5 6 2 16 8 2 8 5
cr-7 0 16 8 9 89
5 8 6 16 81 81
5 9 2 16 106 113
5 9 9 16 7 9 85
6 2 5 16 7 8 74
6 3 0 16 9 0 91
6 4 9 16 9 0 8 8
6 5 6 16 107 108
6 6 5 16 8 3 86
6 7 8 16 8 6 85
686 16 71 75
6 9 6 16 8 5 79
7 0 3 16 74 79
7 1 9 16 9 0 86
7 2 4 16 9 0 9 2
741 16 8 6 8 6
7 4 8 16 7 8 74
7 6 6 16 8 9 91
7 8 0 16 9 0 8 5
7 8 8 16 8 5 89
7 9 2 16 9 4 94
8 0 9 16 9 4 9 6
821 16 125 121
8 4 0 16 124 124
8 5 6 16 109 1 11
8 7 0 16 110 i 0 8
8 9 2 16 106 105
9 0 9 16 107 107
9 2 0 16 9 4 94
9 3 0 16 104 109
WET SIGNATURE DATA
S4 S5 S6 S 7 S8 S9
6 6 66 64 61 7 3 6 8
6 5 67 71 66 6 6 6 6
75 71 72 73 74 7 3
83 83 90 88 9 2 9 3
6 9 63 71 70 73 71
6 8 71 76 71 72 70
7e 77 79 81 79 8 3
72 73 77 77 75 75
71 76 80 eo 76 84
104 108 105 102 105 9 9
8 3 83 91 83 83 8 9
8 3 82 83 83 77 78
79 83 83 8 3 79 8 3
86 91 91 94 8 5 78
88 84 89 89 90 91
89 9 3 97 8 6 8 8 9 2
eg 87 8 6 8 5 86 9 2
85 8 3 8 9 86 8 5 81
101 105 110 9 7 9 5 106
83 85 84 85 87 89
7 5 74 7 8 77 7 8 7 4
91 91 90 91 9 0 8 8
90 ee 8 8 8 6 9 0 8 8
107 104 102 109 108 106
8 5 8 3 8 7 8 2 8 8 9 0
9 0 87 87 77 8 6 8 5
78 78 78 8 0 79 8 2
8 0 8 5 85 8 2 8 0 81
76 7 B 81 72 69 7 8
91 9 3 89 9 0 8 9 91
9 2 91 89 9 2 9 3 9 0
83 82 81 8 3 8 3 8 0
7 8 82 76 74 79 8 0
8 5 8 6 9 3 8 9 91 9 2
84 86 89 87 92 88
8 3 8 3 9 0 83 91 9 5
9 9 96 95 9 5 96 9 2
87 94 9 6 9 4 94 9 2
120 123 127 1 19 121 119
120 123 126 123 122 123
104 110 109 107 106 106
102 107 1 1 1 107 109 104
107 109 107 104 109 106
106 1 10 113 1 13 113 1 10
100 9 9 101 101 99 9 2

















































Table 40. SPOT #17 WET SIGNATURE DATA
Wl. SPOT S 1 S3 S3 S4 S ĵ S6 S7 S3 S9
3 9 0 1*7 7 4 7 4 7 9 7 5 7 4 7 3 73 76 7 8
AO 3 1 7 7 5 6 9 6 6 73 71 73 69 69 73
4 1 5 1 7 8 5 9 0 91 9 3 8 7 85 90 90 91
4 3 3 1 7 9 5 9 4 87 93 91 91 91 88 8 8
431 17 7 6 7 3 *7 7 78 6 9 6 8 76 69 73
4 4 3 17 7 3 71 74 7 5 7 4 73 77 78 7 0
4 6 7 17 8 7 8 6 05 8 9 9 0 9 0 8 b 86 91
4 7 7 17 8 3 0 5 8 6 81 81 8 6 86 85 6 3
4 0 3 1 7 7 6 71 77 8 3 8 0 83 81 79 79
494 17 7 5 73 77 74 74 S3 78 73 7 6
5 0 9 ^ 3 5 77 eo 8 5 7 6 80 79 79 8 4
5 1 3 17 75 6 7 73 77 6 8 70 77 73 77
5 3 0 17 5 7 6 6 5 9 64 57 7 0 58 56 6 3
5 3 5 17 73 77 0 5 7 5 74 78 77 70 8 6
5 4 9 17 7 9 7 7 7 8 79 7 9 77 76 85 8 9
5 6 3 1 7 9 0 83 8 3 8 6 8 3 8 6 04 79 8 5
5 7 3 17 7 0 70 7 5 67 6 8 7 6 71 69 7 6
5 8 6 1 7 7 3 7 0 7 0 70 7 3 74 70 68 7 5
5 9 3 1 7 7 4 66 6 8 7 0 7 4 7 8 74 70 6 8
5 9 9 17 79 74 7 5 74 7 5 81 78 77 7 4
6 3 5 17 7 5 73 6 8 74 6 5 6 7 69 68 7 3
6 3 0 17 8 3 8 3 0 3 8 9 0 3 81 8 5 83 8 5
6 4 9 17 7 3 70 7 3 77 7 3 7 6 76 73 74
6 5 6 17 7 3 71 75 67 71 7 4 74 70 7 0
6 6 5 17 6 8 7 4 77 7 6 7 3 7 5 71 6 9 7 6
6 7 3 17 7 1 6 5 6 4 66 5 9 6 9 71 66 6 9
6 0 3 17 6 7 67 7 0 69 5 9 6 5 6 0 66 6 5
6 9 6 17 7 6 75 -ji W* 75 71 7 0 73 70 73
7 0 3 17 71 7 0 6 7 6 5 5 6 6 8 5 8 6 8 6 4
7 1 9 17 7 4 73 77 78 7 8 79 8 0 83 8 3
7 3 4 17 74 7 3 76 7/ c. 7 5 79 78 79 7 7
741 17 7 3 70 74 7 0 6 6 7 3 74 75 7 3
7 4 3 17 6 5 55 67 6 4 6 3 7 3 61 6 3 6 0
7 6 6 17 7 9 76 7 3 77 7 7 74 75 78 7 7
7 3 0 17 7 6 74 7 5 73 7 0 7 3 6 8 71 7 9
7 3 3 1 7 7 6 7 0 7 3 77 6 9 7 4 73 74 7 7
7 9 3 17 7 3 7 3 7 9 81 81 8 3 8 0 81 es
8 0 9 17 7 3 7 3 73 7 3 6 3 7 4 73 73 71
831 17 7 0 6 e 66 7 3 6 8 7 3 67 70 7 3
8 4 0 17 0 3 81 8 4 8 5 8 7 86 86 85 8 3
3 5 3 17 7 4 8 0 8 9 76 79 85 eo 79 81
8 7 0 17 93 91 8 9 91 8 9 8 7 8 6 87 91
8 9 3 17 6 3 8 5 8 5 74 7 8 81 87 83 8 0
9 0 9 17 8 7 8 3 8 9 9 3 91 91 91 87 8 9
9 3 0 17 8 5 8 5 8 5 33 8 5 88 7 7 78 8 6
9 3 0 17 7 3 7 0 7 7 8 3 8 4 8 5 80 70 8 3
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Table 41. SPOT #18 WET SIGNATURE DATA
WL SPOT S I S3 S3 S4 S5 S6 S7 SB S9
3 9 0 i e 6 0 59 £ 0 59 6 0 5 9 60 60 5 6
4 0 3 18 5 5 57 6 3 59 £ 0
c r  c r  
J J 5 9 61 5 8
4 1 5 18 6 7 63 6 3 £9 7 3 71 67 70 6 /
4 £ 3 18 8 8 89 8 9 87 87 8 6 86 86 89
4 3 1 i e 64 54 6 5 54 6 0 61 £ 0 59 57
443 18 5 8 67 £ 0 63 6 8 c r  cr  sJU 6 5 63 6 8
4 6 7 18 7 6 78 7 9 73 7 3 74 81 81 8 3
4 7 7 18 71 74 7 3 73 £7 7 0 74 73 74
4 8 8 18 71 78 71 71 7 0 6 7 6 8 66 73
4 9 4 18 8 5 87 85 85 8 3 8 4 88 84 81
5 0 9 IS 76 6 7 7 3 79 8 3 7 6 76 81 81
5 1 8 18 7 8 73 6 9 78 7 3 6 8 7 5 70 73
5 3 0 18 77 70 7 0 70 7 6 7 4 7 6 78 7 1
5 35 18 81 76 8 3 9 0 8 6 7 9 8 6 79 77
5 4 9 16 8 6 8 9 8 6 84 83 81 8 3 82 8 0
5 6 3 18 7 7 77 8 3 90 83 7 9 8 5 90 8 7
5 7 3 18 8 6 8 3 7 9 79 7 7 7 5 79 83 78
5 8 6 18 9 0 93 8 0 80 7 9 8 3 80 79 7 9
5 9 3 18 9 5 97 9 3 103 9 5 9 6 9 6 9 3 9 0
5 9 9 18 8 3 87 8 4 83 8 3 8 7 8 5 79 7 8
6 3 5 18 7 4 79 8 5 78 7 8 77 78 78 7 3
6 3 0 18 8 9 8 8 8 8 86 8 3 8 5 85 83 8 5
6 4 9 18 8 8 8 6 8 7 84 8 5 8 6 8 3 84 8 4
6 5 6 18 8 7 79 71 78 74 7 4 87 85 7 4
6 6 5 16 8 7 86 8 5 86 8 6 8 3 83 83 8 3
6 7 8 18 6 6 83 8 5 84 8 3 8 5 8 4 85 8 5
6 8 8 18 7 9 8 3 B3 85 8 3 8 3 84 84 8 4
6 9 6 18 7 9 81 77 83 7 9 77 78 81 7 9
7 0 3 13 7 9 83 8 0 76 7 5 7 7 81 78 77
7 1 9 18 8 9 86 89 91 90 8 8 9 0 89 9 0
7 3 4 18 91 89 8 7 9 3 89 8 6 9 3 91 8 9
741 18 8 0 85 84 81 79 8 0 83 79 7 9
7 4 8 18 7 8 79 77 7 9 76 71 7 6 75 77
7 6 6 18 8 4 8 5 87 84 85 8 8 8 3 83 87
7 8 0 18 7 9 7 9 8 3 76 73 7 4 75 67 71
7 8 8 18 7 8 71 70 78 73 7 3 7 5 74 7 6
7 9 3 18 7 8 78 78 8 0 77 81 74 70 7 9
eos 18 7 6 77 7 9 73 74 7 8 77 74 7 3
8 3 1 16 9 9 9 5 9 4 97 91 9 3 9 0 89 9 3
8 4 0 18 9 0 84 8 6 96 9 4 9 5 91 3d 94
8 5 8 18 8 8 8 6 8 3 87 8 5 81 8 6 83 8 5
8 7 0 18 8 3 83 8 0 87 8 4 8 3 8 3 76 8 3
8 9 3 18 8 0 84 8 6 80 7 3 7 6 8 0 78 8 4
9 0 9 18 8 5 8 3 8 3 80 80 8 9 8 5 85 8 6
9 3 0 18 7 3 71 8 3 78 73 7 8 75 76 8 0
9 3 0 18 1 0 0 93 98 103 1 0 0 9 5 91 94 9 3
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Table 42. SPOT #19
WL SPOT S I S3 S3
3 3 0 13 6 3 6 3 7 8
4 0 3 13 6 7 67 70
4 1 5 13 8 3 8 0 84
4 3 3 13 1 03 103 3 7
431 13 7 6 77 7 3
4 4 3 13 8 5 81 84
4 6 7 13 9 3 9 3 91
4 7 7 19 86 8 5 8 3
4 6 8 19 3 7 86 9 0
4 3 4 19 103 1 13 106
5 0 3 13 100 9 5 3 4
5 1 8 13 117 101 3 0
5 3 0 13 1 18 115 1 04
5 3 5 19 1 08 114 118
5 4 3 19 101 138 137
5 6 3 19 101 104 1 1 1
5 7 3 19 1 8 9 1 10 101
5 8 6 19 1 33 134 108
5 3 3 13 1 0 6 1 10 1 08
5 3 3 13 137 114 9 4
6 3 5 13 1 13 138 114
6 3 0 19 139 180 106
6 4 3 13 138 115 107
6 5 6 13 1 18 117 133
6 6 5 13 1 8 3 107 9 4
6 7 8 19 1 08 113 108
688 13 1 17 103 86
6 3 6 19 9 6 107 1 13
7 0 3 19 i c e 101 3 3
7 1 3 19- 136 1 16 108
7 3 4 19 1 13 1 13 109
7 4 1 19 1 03 115 1 16
7 4 8 13 101 3 3 103
7 6 6 19 11 1 1 16 108
7 8 0 13 1 13 1 15 n o
7 8 8 13 1 06 107 109
7 9 3 19 1 10 1 13 113
8 0 9 19 1 14 113 131
8 3 1 19 136 1 43 143
8 4 0 19 187 1 38 138
8 5 8 13 1 14 1 14 117
8 7 0 13 1 13 1 13 116
8 3 3 13 111 116 117
3 0 3 13 183 186 183
9 3 0 19 1 07 1 1 1 11 1
9 3 0 19 1 57 136 116
WET SIGNATURE DATA
S4 S5 S6 S7 S8 S9
66 68 6 3 70 70 7 3
73 68 70 68 73 78
84 8 5 8 4 8 7 8 0 7 3
1 01 9 6 3 6 1 03 101 9 9
71 7 5 8 0 74 69 7 6
77 78 74 76 78 7 6
e e 9 3 9 5 9 8 91 3 3
83 e e 30 81 83 8 5
3 8 86 9 8 83 9 5 8 7
103 104 100 1 1 1 104 97
30 9 8 1 0 8 31 96 9 5
3 6 9 6 96 91 31 9 0
3 6 9 6 104 88 94 9 6
101 106 103 9 4 108 100
97 105 111 108 99 103
101 101 105 103 108 1 08
100 103 101 9 7 98 107
130 115 106 114 107 101
105 110 104 108 111 101
133 1 10 9 3 101 105 3 7
96 103 104 9 0 9 3 8 3
110 109 103 101 108 103
103 9 8 9 6 3 3 9 8 101
1 13 1 13 114 107 101 100
1 10 3 7 9 3 34 3 6 9 7
31 100 9 8 8 3 86 9 8
1 15 106 31 100 101 9 6
9 3 3 4 9 4 3 0 31 3 0
93 9 8 86 88 86 86
1 13 1 1 1 109 101 106 103
108 96 9 5 9 5 96 91
100 103 1 11 9 6 91 100
100 107 103 9 5 101 3 5
115 113 1 18 103 106 101
111 103 104 1 IS n o 1 03
1 14 1 16 115 115 1 15 1 10
1 15 1 17 1 18 103 111 103
1 1 1 1 13 108 107 105 103
139 1 45 146 141 138 1 30
139 183 1 3 3 189 188 138
117 1 14 117 118 116 114
1 S3 188 1 13 1 16 118 1 16
1 13 1 15 181 105 110 1 1 3
180 1 15 1 15 114 119 181
1 1 1 1 1 1 106 106 109 104
138 136 181 1 17 1 16 1 17
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Table 43. SPOT #20 WET SIGNATURE DATA
WL SPOT S I S3 S3 S4 S5 3 6 S7 S3 S9
3 9 0 3 0 8 3 7 6 7 8 8 3 83 8 0 81 79 7 9
4 0 3 80 7 9 7 3 6 9 73 69 73 76 78 7 3
4 1 5 80 94 8 9 e e 97 98 97 91 91 9 4
4 3 3 80 9 8 9 6 101 91 98 9 7 98 100 9 7
431 80 87 7 7 7 0 78 76 7 6 80 8 3 86
4 4 3 3 0 7 4 79 7 5 79 77 76 7 8 80 7 8
4 6 7 8 0 9 4 8 9 8 5 98 97 94 93 93 8 9
4 7 7 80 8 5 8 9 9 8 90 89 87 88 8 5 8 5
4 8 8 80 8 0 86 9 3 8 9 86 79 77 74 7 9
4 9 4 8 0 8 5 7 9 8 3 84 85 85 81 78 8 0
5 0 9 80 8 5 89 94 66 69 91 91 89 88
5 1 3 80 7 5 74 76 79 85 84 79 78 7 3
5 3 0 80 6 3 7 3 6 4 6 0 64 64 63 6 9 61
5  ̂ 5 30 8 7 8 5 8 3 8 3 83 8 5 9 0 8 5 8 3
5 4 9 30 9 0 9 4 8 9 90 84 81 9 8 8 5 8 3
5 6 3 £0 86 8 9 9 3 9 5 91 91 9 6 9 7 9 7
5 7 3 3 0 8 0 7 7 7 9 7 6 73 77 8 5 7 9 7 8
5 8 6 8'0 8 5 7 8 70 79 83 79 79 70 6 7
5 9 3 3 0 71 67 6 9 78 7 3 £ 7 71 78 6 7
5 9 9 30 8 4 79 7 7 8 3 83 8 3 87 87 81
6 3 5 3 0 8 5 7 9 7 4 77 77 7 9 81 8 0 7 6
6 3 0 80 8 9 8 5 8 3 8 5 81 83 88 8 3 8 7
6 4 9 30 7 7 7 7 7 6 87 88 86 76 7 9 8 3
6 5 6 8 0 81 7 9 88 77 77 75 77 7 4 7 4
6 6 5 80 8 0 7 4 8 3 83 es 8 5 79 8 0 7 7
6 7 8 8 0 7 5 78 76 71 70 7 3 76 7 3 7 4
688 80 7 9 7 6 6 7 71 6 9 70 74 71 6 7
6 9 6 8 0 7 3 7 5 7 9 81 79 76 9 0 87 7 7
7 0 3 80 7 8 71 6 7 64 66 74 63 67 5 9
7 1 9 30 86 86 86 86 78 79 8 9 8 3 8 3
7 3 4 3 0 8 5 7 9 7 6 81 79 81 80 8 3 8 9
741 SO 75 73 78 7 9 77 73 78 7 5 7 4
7 4 8 8 0 5 9 76 71 7 0 67 6 9 67 68 6 7
7 6 6 8 0 7 9 8 3 8 3 8 9 8 9 86 88 8 3 8 3
7 8 0 8 0 81 7 9 8 3 85 79 7 9 85 81 7 8
7 8 8 SO 83 8 0 8 3 77 81 81 88 9 0 8 5
7 9 3 8 0 8 3 86 8 7 87 8 9 8 5 8 9 84 8 3
8 0 9 SO 73 76 7 6 71 74 7 5 7 6 6 9 7 0
831 8 0 8 0 7 4 7 6 74 7 0 74 74 77 7 7
8 4 0 30 8 9 8 7 8 7 9 0 8 9 86 89 91 9 0
8 5 8 30 8 5 84 8 9 89 86 86 88 87 es
8 7 0 80 9 7 9 7 1 OS los­ 9 6 9 6 9 9 9 0 9 3
8 9 3 8 0 9 0 86 8 3 es 8 5 86 8 5 8 9 86
9 0 9 30 9 6 101 101 95 9 3 9 8 94 9 3 9 8
9 3 0 30 91 8 9 9 4 90 9 0 9 3 95 93 8 9
9 3 0 30 7 8 77 79 79 78 7 5 78 79 7 7
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Figure 35. STIBNITE #4 SIGNATURE GRAPH
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Figure 53. STIBNITE #2 SIGNATURE GRAPH
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A p p e n d i x  F: P A I N T  IMAGE P HOTOS
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Figure 65. M A R B L E  P A I N T  IMAGE
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F igure 66 . MARCASITE PAINT IMAGE
T404S 188
Figure 67. CHALCOPYRITE PAINT IMAGE
T40 4 S
F i g u r e  68. S T I B N I T E  P A I N T  IMAGE
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F igure 69 . COAL PAINT IMAGE
T4045 191
Figure 70. DUAL SELECTION PAINT IMAGE
T 4 04S 192
F igure 71 . T R I P L E  S E L E C T I O N  P A I N T  IMAGE
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Fi g u r e  72. Q U A D R U P L E  S E L E C T I O N  P A I N T  IMAGE
T404S
Figure 73. EXCLUSION PAINT IMAGE
T4045 195
F igure 74 . THIRD P A RTY TE S T  PAINT IMAGE
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App e n d i x  G: P R O C E S S  ILLU S T R A T I O N  T ABLES
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Table 44. OPTICAL GLASS WINDOW DATA
WL P I  P2  P3 P4 P5 P6 P7
3 9 0  0 .  0 7  0 . 0 3  0 . 0 8  0 . 0 7  0 . 0 7  0 . 0 5  0 . 0 6
4 0 3  0 .  0 9  0 .03  0 . 0 9  0 . 0 9  0 .  11 0 .  10 0 .  OQ
4 1 5  0 . 2 1  0 . 2 0  0 . 2 4  0 . 2 3  0 . 2 1  0 . 2 0  0 . 2 3
4 2 3  0 . 2 5  0 . 2 6  0 . 2 0  0 . 2 3  0 . 2 3  0 . 2 8  0 . 2 3
431 0 .  18 0 . 2 0  0 .  15 0 .  16 0 .  16 0 .  18 0 .  16
4 4 2  O. 18 O. 14 0 . 2 1  0 .  19 0 .  18 0 .  18 O. 19
4 6 7  0 . 1 8  0 . 2 4  0 . 1 7  0 . 1 9  0 . 2 0  0 . 2 7  0 . 2 1
4 7 7  0 .  19 0 .  19 0 .  17 0 .  16 0.  17 0 . 2 3  0 .  19
4 8 8  0 . 1 8  0 . 2 6  0 . 2 1  0 . 3 0  0 . 2 6  0 . 3 9  0 . 2 3
4 9 4  0. 23 0 . 2 3  0 . 2 5  0 . 2 1  0 . 2 1  0 . 2 0  0 .  19
5 0 9  0 .  2 6  O . 31 0 . 2 3  0 . 3 0  O . 2 5  0 . 3 8  0. 25
5 1 8  0 .  34  0 .  31 0 .  2 6  0 .  2 6  0 .  2 4  0.  31 0 .  2 3
5 3 0  0 . 1 6  0 . 1 7  0 . 2 1  0 . 1 9  0 . 1 8  0 . 2 3  0 . 2 1
5 3 5  0 .  2 8  0 . 2 4  0 . 2 5  0 . 2 2  O . 2 5  0 . 2 0  0 .  2 6
5 4 9  0 .  3 3  0 . 3 0  0 . 3 6  0 . 2 9  0 . 2 9  0 .  2 6  O. 2 8
5 6 2  O. 4 6  O . 3 2  0 . 4 9  0 . 3 9  0 .  4 0  0 .  2 6  0 .  41
5 7 2  0 . 1 8  0 . 1 7  0 . 2 1  0 . 2 1  0 . 1 8  0 . 1 9  0 . 2 1
5 e 6  0 . 3 2  0 . 2 9  0 . 2 2  0 . 1 8  0 . 2 4  0 . 2 6  0 . 2 1
5 9 2  0 . 2 6  0 .  2 6  0 . 2 4  0 . 2 2  0 . 2 0  0 . 3 0  0 . 1 9
5 9 9  0 . 3 0  0 . 2 7  0 . 2 1  0 . 2 1  0 . 2 2  G. 2 6  0 . 2 2
6 2 5  0 . 2 5  0 . 2 1  0 . 3 2  0 . 2 3  0 . 2 3  0 . 1 9  0 .  24
6 3 0  0 . 2 0  0 . 2 0  0 . 2 3  0 .  21 0 .  21 0 . 2 0  0 . 1 9
6 4 9  0 . 2 0  0 .  18 0 . 2 1  0 .  19 0 .  18 0 .  19 0 .  19
6 5 6  0 . 4 1  0 . 3 5  0 . 4 5  0 . 4 1  0 . 4 5  0 . 4 6  0 . 4 8
6 6 5  0 . 2 2  0 . 2 5  0 . 2 0  0 . 2 1  0 . 1 8  0 . 2 8  0 . 2 1
6 7 8  0 . 2 8  0 . 2 5  0 . 2 8  0 . 2 1  0 . 2 3  0 . 8 1  0 . 2 3
688 0 . 2 6  0 . 2 5  0 . 1 8  0 . 1 8  0 . 2 3  0 . 3 1  0 . 2 0
6 9 6  0 . 2 9  0 . 2 3  0 . 3 3  0 . 2 3  0 . 2 6  0 . 2 2  0 . 2 7
7 0 3  0 .  £ 3  0 . 2 0  0 . 1 8  0 . 1 9  0 . 1 8  0 . 2 6  0 . 2 3
7 1 9  0 . 2 2  0 . 2 0  0 . 2 2  0 . 2 1  0 . 1 6  0 . 2 5  0 . 1 9
7 2 4  0 . 2 6  0 . 2 3  0 .  2 6  0 . 2 0  0 . 2 5  0 . 2 2  0 . 2 5
741  0 . 3 6  0 . 2 1  0 . 3 8  0 . 2 7  0 . 2 8  0 . 2 0  0 . 3 3
7 4 8  0 . 3 6  0 . 8 9  0 . 3 3  0 . 2 4  0 . 2 6  0 . 2 3  0 . 2 8
7 6 6  0 . 2 5  0 . 2 5  0 . 2 8  0 . 2 6  0 . 2 5  0 . 2 8  0 . 2 4
780 .  0 .  2 8  O. 2 5  0 .  2 9  0 .  2 4  0 .  2 6  O. 27  O. 26
7 8 8 0 . , 3 4 0 . . 3 1 0 . 3 4 0 ., 2 9 0 . , 2 8 0 ., 2 7 0 ., 2 8
7 9 2 0 . , 2 9 0 . , 3 0 0 . 2 8 0 . , 2 6 0 . 0 ,, 3 0 0 . ■” . Cj
8 0 9 0 . 3 4 0 . 2 9 0 . 0 . 7 r , 0 . 3 4 0 . 3 6 0 . 3 8
8 8 1 0 . 4 0 0 . 3 5 0 . 4 3 0 . 3 3 0 . 3 8 0 . 0 . 4 5
8 4 0 0 . 4 3 0 .
“t- cr  
v j J 0 . 4 8 0 . 4 2 0 . 4 4 0 . 4 4 0 . 5 0
8 5 8 0 . 3 2 0 . 4 3 0 . 3 6 0 . 4 4 0 . 4 4 0 . 4 9 0 . 4 8
8 7 0 0 . 3 4 0 . - J 0 . 3 7 0 . 3 5 0 . 3 5 0 . 3 7 0 . 4 2
8 9 2 0 . 4 4 0 . 3 8 0 . 4 8 0 . 4 3 0 . 4 5 0 . 4 6 0 . 5 1
9 0 9 0 . 3 5 0 . 3 4 0 . 3 4 0 . 3 4 0 . 3 6 0 . 4 0 0 . 4 0
9 2 0 0 . 3 2 0 . 3 1 0 . 3 3 0 . 3 2 0 . J r C 0 . 3 5 0 . 3 4
9 3 0 0 . 2 5 0 .
c  
(_U 0 . 2  5 0 . * ~ ' 5 0 . " CC.U 0 . 2 6 0 . 2 3
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Table 45. SPODUMENE RAW SIGNATURE DATA
WL S I S2 S3 S4 S5 S6 S7 S8 S9
9 3 0 161 158 162 158 159 156 167 165 160
9 2 0 181 182 179 180 184 182 180 177 177
9 0 9 164 165 159 163 160 160 166 166 160
8 9 2 171 1 6 7 164 169 172 1 69 165 169 166
8 7 0 164 1 63 166 166 161 163 167 162 160
8 5 8 169 1 6 7 163 165 169 1 6 9 168 173 170
8 4 0 164 168 161 168 173 169 169 170 170
8 21 170 1 73 171 1 73 172 1 70 171 1 74 174
8 0 9 177 1 7 3 178 181 181 178 174 175 173
7 9 2 164 1 68 163 1 67 164 1 63 157 162 165
7 8 8 168 1 6 6 169 172 173 170 167 167 167
7 8 0 167 1 6 2 170 165 162 170 165 1 62 163
7 6 8 162 164 164 1 70 169 164 165 165 164
7 4 e 173 1 7 3 170 1 7 4 176 171 172 173 166
7 41 173 1 76 167 1 7 2 173 174 168 170 171
7 2 4 159 1 5 8 155 1 58 155 151 152 1 52 155
7 1 9 172 1 7 3 174 172 172 1 68 170 171 169
7 0 3 186 1 8 2 179 1 7 8 179 1 8 5 179 1 78 180
6 9 8 171 171 178 1 7 8 179 1 72 170 1 70 170
688 178 1 7 2 1 76 1 77 178 177 172 1 77 172
6 7 8 182 1 8 0 179 1 82 184 183 183 182 178
6 6 5 184 1 8 2 178 1 8 2 185 178 173 1 76 178
6 5 6 166 1 64 169 171 167 167 169 172 164
6 4 9 146 1 4 6 151 « c  "7 148 1 47 145 145 150
6 3 0 181 1 8 0 182 1 83 183 181 176 179 181
6 2 5 184 1 8 0 180 181 183 184 181 182 179
5 9 9 181 1 77 170 1 70 174 177 173 180 181
5 9 2 183 1 7 9 1 83 1 8 8 185 189 181 177 180
5 8 6 173 171 173 181 182 173 173 178 177
5 7 2 176 1 6 7 174 1 74 176 173 171 172 170
5 6 2 176 1 69 173 1 73 171 176 173 172 170
5 4 9 183 1 7 8 1 82 1 86 183 185 181 183 185
5 3 5 187 1 8 0 187 183 181 186 186 183 180
5 3 0 199 201 198 200 199 197 197 198 194
5 1 8 171 1 6 8 1 73 1 70 167 173 171 170 168
5 0 9 177 1 7 8 1 85 183 181 180 179 181 181
4 9 4 183 1 75 181 181 176 179 178 176 180
4 8 e 183 1 8 0 182 191 189 1 84 182 1 86 186
4 7 7 175 1 7 4 174 174 170 1 73 172 174 174
4 6 7 171 1 74 170 172 171 1 72 169 173 172
4 4 2 183 1 8 3 187 187 185 180 179 1 82 183
431 121 1 1 5 114 1 19 124 1 16 1 1 1 109 106
4 2 3 166 1 62 160 163 162 1 66 163 1 59 156
4 1 5 122 1 2 5 124 1 26 123 121 125 126 124
4 0 3 9 6 9 2 9 5 9 4 91 9 5 94 9 3 9 2
3 9 0 6 7 7 2 66 7 2 73 71 74 7 3 66
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T a ble 4 6 . S P O D U M E N E  Z E R O S I G N A T U R E D
W L S I S 2 S3 S4 S5 S6 S7 S8 S3
9 3 0 0 0 0 0 0 0 0 0 0
geo 20 2 4 17 dd 25 2 6 13 12 17
9 0 9 si 7 si crsJ 1 4 -1 1 0
8 9 2 10 9 c. 11 13 13 — 2 4 6
8 7 0 si U 4 8 2 7 o “ 3 0
8 5 8 8 9 1 7 10 13 1 8 10
8 4 0 si 10 -1 10 14 13 d crU 10
8 2 1 9 15 9 15 13 14 4 9 14
8 0 9 16 15 16 *7d S.' o oL.U d  d 7 10 13
7 9 2 si 10 1 9 5 7 -10 si crsJ
7 8 8 7 8 7 14 14 14 0 d 7
7 8 0 6 4 8 7 3 14 —2 si 3
7 6 6 1 6 d 12 10 8 d 0 4
7 4 8 12 15 8 16 17 15 u 8 6
741 12 13 5 14 14 18 i crsJ 11
7 2 4 d 0 - 7 0 - 4 —5 - 1 5 - 1 3 cr —  sJ
71 9 11 15 12 14 13 12 si 6 9
7 0 3 2 5 2 4 17 20 20 2 9 12 13 20
6 9 6 10 13 16 20 20 16 3 5 10
688 17 14 14 19 19 21 5 12 12
6 7 8 21 22 17 2 4 2 5 2 7 16 17 18
6 6 5 dsi 2 4 16 2 4 2 6 22 6 11 18
6 5 6 5 6 7 13 8 11 d 7 4
6 4 9 - 1 5 -12 -11 —5 -11 - 9 d  d -20 --10
6 3 0 20 22 20 2 5 24 2 5 9 14 21
6 2 5 d  si dd 18 2 3 2 4 2 8 14 17 19
5 9 9 20 19 8 12 15 21 6 15 21
5 9 2 d  d 21 21 3 0 2 6 si si 14 12 20
see. 12 13 11 d  si 2 3 17 6 13 17
5 7 2 15 9 12 16 17 17 4 7 10
5 6 2 15 1 1 11 15 12 20 6 7 10
5 4 9 C.C 20 20 2 8 2 4 2 9 14 18 2 5
cr 7 cwJvJwJ 2 6 22 •-cr dsj 2 5 dd 3 0 19 18 20
5 3 0 3 8 4 3 36 42 4 0 41 3 0 3 3 3 4
5 1 8 10 10 11 12 8 17 4 cr 8
5 0 9 16 20 d  si ■*.Cdsj 22 2 4 12 16 21
4 9 4 22 17 19 d’ si 17 d  si 1 1 1 1 20
4 8 8 d  d d d 20 si si 3 0 2 8 15 21 26
4 7 7 14 16 12 16 1 1 17 crU 9 14
4 6 7 10 16 8 14 12 16 d 8 12
4 4 2 Cl Cl •“.crl _  sJ 2 5 2 9 • 2 6 2 4 12 17 2 3
431 - 4 0 - 4 3 - 4 8 - 3 9 - 3 5  - ■40 - 5 6 - 5 6  - •54
4 2 3 cr 4 —2 crsJ si 10 - 4 -6 - 4
4 1 5 - 3 9 si si - 3 8 - 3 2 - 3 6  - 3 5 - 4 2 - 3 9  - ■36
4 0 3 - 6 5 -66 - 6 7 - 6 4 -68 - 61 - 7 3 - 7 2  - 68
3 9 0 - 9 4 -86 - 9 6 -86 -86 - 8 5 - 9 3 - 9 2  - 9 4
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Table 47. BLIND TEST RAW SIGNATURE DATA
WL S I S3 S3 S4 S5 S6 S7
3 90 6 9 5 8 71 6 9 7 0 6 5 67
4 0 3 7 5 7 5 75 7 5 79 7 7 78
4 1 5 1 04 1 0 3 1 13 110 106 1 03 110
4 3 3 1 15 119 103 109 110 1 1 10
431 9 6 1 03 8 9 91 91 9 8 91
4 4 3 9 6 87 105 101 9 6 96 99
467 9 6 113 9 5 100 103 181 106
4 7 7 101 101 94 9 3 95 1 10 101
468 9 8 1 1 8 104 1 88 119 150 111
494 1 1 1 1 10 1 16 105 106 103 99
509 1 19 1 3 0 1 10 137 115 148 114
5 1 8 138 131 118 1 18 118 131 110
5 3 0 9 3 9 4 106 100 9 8 1 11 105
5 3 5 134 1 13 114 107 115 103 119
5 4 9 1 3 6 137 143 1 6 5 13 6 117 133
5 6 3 1 68 134 1 76 150 154 117 157
5 7 3 9 8 9 5 1 06 1 0 5 9 8 101 104
5 8 6 1 3 4 1 8 5 107 9 7 113 117 105
5 9 3 1 19 1 17 118 1 0 8 103 139 100
5 9 9 137 180 1 06 104 108 117 108
6 3 5 1 15 1 0 5 138 110 111 101 113
6 3 0 103 108 109 105 105 102 101
6 4 9 1 0 3 9 8 104 9 9 9 7 101 9 9
6 5 6 1 55 143 167 15 5 166 169 175
6 6 5 1 0 7 1 1 5 108 1 0 5 9 8 133 106
6 7 8 1 3 8 1 15 133 105 110 105 110
688 1 1 8 1 14 9 8 9 6 109 130 103
6 9 6 135 1 10 136 110 117 108 130
7 0 3 1 11 1 03 9 8 100 97 117 110
7 1 9 107 1 03 107 105 9 3 114 101
7 3 4 1 1 9 1 10 118 1 03 116 107 116
741 144 106 148 131 184 103 136
7 4 8 1 43 136 136 1 1 3 117 1 11 133
7 6 6 1 15 115 164 119 115 183 113
7 8 0 133 1 16 186 1 1 3 119 181 117
7 8 8 139 131 137 166 184 181 134
7 3 3 1 66 1 8 8 182 1 19 116 187 115
8 0 9 1 38 1 36 148 137 139 143 148
831 1 54 141 1 60 136 148 135 167
8 4 0 160 146 174 159 165 164 178
ese 1 34 1 6 0 1 44 164 -164 177 175
8 7 0 137 139 147 141 140 146 159
8 9 3 165 1 4 9 174 161 167 1 59 188
909 1 43 1 3 9 139 137 144 153 153
9 3 0 134 130 136 1 33 138 140 139
9 3 0 1 14 1 14 116 114 1 16 119 111
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Table 48. BLIND TEST ENVELOPE DATA
WL S I S2 S3 S4 S5 S6 SI LOW HIG H
3 3 0 - 4 5 — 5 6 - 4 5 - 4 5 - 4 6 - 5 4 - 4 4 - 5 6 - 4 4
4 0 3 - 3 3 - 3 3 - 4 1 - 3 3 - 3 7 - 4 2 - 3 3 - 4 2 - 3 7
4 1 5 - 1 0 - 1 1 - 4 - 4 - 10 - 1 7 - 1 - 1 7 - 1
4 2 3 1 5 - 1 4 _cr - 6 *1/ - 1 - 1 4 5
4 3 1 - 1 8 - 1 2 - 2 7 d sIj —85 - 2 1 - 2 0 - 2 7 - 1 2
4 4 2 - 1 8 - 2 7 - 1  1 - 1 3 - 2 0 C- sl> - 1 2 - 2 7 - 1 1
4 6 7 - 1 8 - 1 - 2 1 - 1 4 - 1 4 £ —5 - 2 1 C-
4 7 7 - 1 3 - 1 3 —22 - 2 1 - 2 1 - 3 - 1 0 d d - 3
4 8 8 - 1 6 4 - 1 2 14 3 31 0 - 1 6 31
4 3 4 sit - 4 0 - 3 - 1 0 - 1 6 - 1 2 - 1 6 0
5 0 3 crvJ 16 - 6 13 - 1 2 3 3 - 6 2 3
5 1 8 £ 4 17 d 4 - 4 12 - 1 - 4 2 4
5 3 0 -21 - 2 0 - 1 0 - 1 4 - 1 8 - 8 - 6 - 2 1 - 6
5 3 5 10 - 1 —2 - 7 - 1 - 1 6 8 - 1 6 10
5 4 3 OC' 13 27 11 10 d 12 d 2 7
362 5 4 2 0 6 0 3 6 38 d 46 c~ 6 0
5 7 2 - 1 6 - 1 3 - 1 0 - 3 - 1 8 - 1 8 - 7 - 1 3 - 7
5 8 6 2 0 1 1 - 3 - 1 7 - 4 - 2 - 6 - 1 7 2 0
5 3 2 5 3 - 4 -6 - 1 4 10 -11 - 1 4 5
5 3 3 1 6 -10 -10 -8 d si* -10 13
6 2 5 1 - 3 16 - 4 —5 - 1 8 1 - 1 8 16
6 3 0 _« •->1 L. -12 - 7 - 3 -11 - 1 7 -10 - 1 7 - 7
6 4 3 -1 1 - 1 6 -12 - 1 5 - 1 3 - 1 8 -12 - 1 3 -11
6 5 6 41 2 8 51 41 5 0 5 0 6 4 2 8 6 4
6 6 5 - 7 1 - 1 4 - 3 - 1 3 4 cr —  O - 1 8 4
6 7  e 8 1 6 - 3 -6 - 1 4 -1 - 1 4 8
688 4 0 - 1 8 - 1 8 - 7 1 1 -8 - 1 8 11
6 3 6 11 - 4 20 - 4 1 -1 1 3 -1 1 20
7 0 3 -11 - 1 8 - 1 4 - 1 3 -2 -1 - 1 3 -1
7 1 3 - 7 -12 - 3 - 3 d »— * —5 - 1 0 ■*% -7 —5
7 2 4 5 - 4 2 -12 0 -12 crU -12 5
7 4 1 3 0 -8 32 7 8 - 1 7 £5 - 1 7 V OU  l _
7 4 8 2 3 12 20 -1 1 -8 11 -8 2 3
7 6 6 1 1 8 cr- • U -1 4 1 -1 8
7 8 0 3 2 10 - 1 3 £ 6 -1 10
7 8 8 2 5 17 21 12 8 2 13 c 2 5
7 3 2 12 14 6 5 0 8 4 0 14
8 0 3 2 4 12 26 13 2 3 2 4 37 1 2 3 7
8 2 1 4 0 £ 7 44 u  d si} C - 16 56 16 5 6
8 4 0 46 2 8 58 4 5 43 4 5 67 2 8 6 7
8 5 8 20 4 6 28 5 0 48 58 64 20 6 4
8 7 0 tZ.\lf 2 5 31 2 7 £4 2 7 48 2 3 4 8
8 3 2 51 3 5 5 8 47 51 40 71
-7 cr
sJ 71
3 0 3 2 8 •~»C“ C. w' 2 8 34 42 c’3 4 2
3 2 0 20 16 20 18 16 21 2 8 16 2 8
3 3 0 0 0 0 0 0 0 0 0 0
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Table 49. (TOP ROW) SAMPLE E N V E L O P E  DATA
WL MARB MARC CHAL STIB COAL
3 9 0 - 9 5 - 7 6 - 4 9 - 3 1 - 5 7 - 3 0 - 3 5 - 2 8 - 1 1 4
4 0 3 - 9 6 - 7 3 - 5 1 - 3 8 - 5 6 - 4 3 - 3 6 - 2 8 - 1 4
cr
—  u
4 1 5 - 6 8 - 5 4 - 4 0 - 8 8 - 4 5 - 8 4 C . C . - 1 6
cr
w i 1 8
4 c ’ J ) - 5 1 — 3 6 CL CL - 1 2 d  / - 3 - 1 7 - 1  1 4 1  4
4 3 1 - 7 1 - 6 0 - 4 9 w l L - 4 8 - 3 3 %1*CL —  8 6 - 1 1 4
4 4 8 * - 6 8 - 5 1 - 4 0 ^ / 4 - 4 6 - 2 9 *“ 3 5 — 8 b - 1 7 c .
4 6 7 - 6 0 - 4 1 - 3 1 - 1 5 - 3 0 - 1 7 - 2 0 - 9 1 1 4
4 7 7 - 5 6 - 4 5
7 C r
- 2 6 - 3 7 — 8 5 - 2 1 - 1 1 — 6 6
4 8 6 - 4 3 - 8 4 J )  w.» - 1 4 - 3 7 - 1 5 d  CL - 6
cr
*“ 1 3
4 9 4 c . 1  1 - 1 1
c r
U - 2 7 1
c r
~ U 8 0 1 6







- 4 0 - 8 6 - 8 4 - 1 3 Lj Cj - 1 3 — 8 5 - 1 3 —  6 1 0
5 3 0 - 1 7 - 7 C.  vl» - 1 1 —  3 4 - 1 2 —  3 3 - 2 4 - 1 9 - 8
5 3 5 - 3 9 - 1 7
c r
2  6 - 9 - 2 1 - 1 0
c r
U 1 2
5 4 9 - 3 9 - 1 5 - 8 4 —  9 i n c . - 4 C.  Jj - 1  0 C. 1  1
5 6 2 - 3 5 - 1 3 - 1 7 o - 1 4 - 6 - 1 8 - 4 * d 1  1
5 7 2 — 3 4 - 1 0 - 1 9 - 6 C.C. 1 - 8 8 - 9 - 1 2 4
5 8 6 - 3 8 - 1 8 - 1 9 - 7 - 2 0 - 4 - 1 7 - 1 5 - 8 6
5 9 2 — 5 1 1 1 1 5 - 1 3 C . C . - 1 4 5 C. 1 2
5 9 9 - 3 7 C . C . cl cl
_  aV-J - 3 0 - 1 1 - 1 9 - 1 1
c r
6
6 6 5 - 1 9 - 8 8 - 1 4 - 2 7 - 1 4 - 8 8 - 1 6 - 1 1 CL
6 3 0 — 8 0 - 8 - 1 6 v i - 9 2 - 1 1 - 4 - 1 1 4
6 4 9 CL b - 9 - 8 1 - 1 - 1 8 — 3 - 2 4 - 1 2 - 1 0 c .
6 5 6 * " c l 5 - 6 - 8 4 - 1 5 - 2 7 - 1 5
c r
7 - 3 1 0
6 6 5 - 3 1 - 1 3 - 1 6 - 6 - 1 8 - 7 - 8 4 - 1 3 - 8 CL
6 7 8 - 8 4 - 1 4 - 1 4 - 4 - 1 6 4 — 8 5 - 1 4 - 1  1 c
6 8 8 w C . - 1 6 - 3 9 - 1 5 - 3 1 - 1 1 - 2 7 - 2 0 - 1 5
c r
6 9 6 - 3 0 - 8 0 - 8 0 - 6 - 1 9 0 - 2 7 - 1 5 - 9
cr
U
7 0 3 - 3 0 - 1 6
c r  
CL wJ - 1 5 C. - 9 - 4 0 —  8 6 - 8 1 “ b
7 1 9 - 1 6 cl - 1 0 c . - 1 0 5 - 1 8 - 1 1 - 6 7
7 2 4 - 3 0 - 1 1 - 1 4 d - 1 3 Cl —  8  1 - 9 —  4 8
7 4 1 - 3 0 - 1 3 - 8 1 - 1 3 C . C . - 1 1 - 8 1 - 1 5 - 9 1
7 4 8 - 3 1 - 8 0 - 3 6 - 1 3 - 2 5 - 1 7 L j  4 - 2 5 - 2 7 - 7
7 6 6 - 8 7 - 1 0 - 1 8 - 1 - 1 5 Cj - 1 0 d 9
7 8 0 *“  CL -ie - 3 0 - 1 8 - 2 6 - 1 4 - 1 9 - l i *“  5
7 8 8 - 3 0 — 8 0 - 2 7 - 1 0 —  2 ‘ 5 - 1 3 - 1 3 - 7 - 4 5
7 9 3 vl ‘ CL - 1 8 - 2 8 - 1 3 - 2 4 - 9 - 1 0 7 d * 1 2
8 0 9 - 4 0 - 8 0
_ 7 C ;
- 1 5 - 3 0 - 1 7 - 1 8 ’ CL. - 1 4 d
8 3 1 - 7 1 0 - 1 3 0 - 1 2 4 1 3 2 4 - 8 1
8 4 0 - 9 8
__"7
<* b - 1 2 1 4 CL C 6 8 0
8 5 8 - 3 0 - 4 - 1 9 - 4 - 8 9 - 1 1 1 4 c l 5 c ! 1  1
8 7 0 C . C . - 5 - 1 9 - 4 i n  n - 1 3 9 8 1 1 3 2 4
8 9 3 - 8 9 - 1 3 - 2 3 - 1 3 - 3 0 - 1 9 1 7 4 1 5
9 0 9 - 1 9 —  8 - 1 6 l2 - 2 8 - 1 1 1 5 8 0 8 2 6
9 3 0 CL i - 8 —. C*  c r -  1 5
di_cr - 1  7 CL 1 3 1 1 8




(TOP ROW) TRIMMED ENVELOPE DATA
MARC CHAL ST I B COAL
3 9 0 - 9 5 -  7  6 - 4 9 - 3 1 - 5 7 - 5 0 —  3 5 - 3 8 - 1  1 4
4 0 3 - 9 6 - 7 3
cr   ̂
w'  X - 3 8 - 5 6 - 4 3 - 3 6 - 3 8 - 1 4
cr
4 1 5 - 6 8 - 5 4 - 4 0 - 3 8 - 4 5 - 3 4 d  d - 1 6
cr
U 1 6
4 3 3 - 5 1 - 3 6 d  d - 1 3 —  3  7 - 8 - 1 7 - 1  1 4 1 4
4 3 1 - 7 1 - 6 0 - 4 9 v j  d - 4 3 vJ d — 3 6 - 1  1 ■4
4 4 3 - 6 8 - 5 1 - 4 0 - 3 4 - 4 6 - 3 9 - 3 5
•“1 c r  
~  C. V- * - 1 7 c.
4 6 7 - 6 0 - 4 1 - 3 1 - 1 5 - 3 0 - 1 7 - 3 0 — 9 1 1  4
4 7 7 - 5 6 - 4 5 — 3 5 cl t ' - 3 7 — 3 5 d  1 - 1 1 — £ 6
4 3 3 —  4 3 - 3 4 Cj Jj - 1 4 Jj / - 1 5 d  d - 6
c r
1 3
4 9 4 d 1  1 a. 5 - 3 7 - 1 .  3
cr  
—  d UL..» ( j 1 6
5 0 9 3 j - 3 0 - 3 1 — 9 d  / - 1 3 —  i  8 “ 6 4 1  4
5 1 8 - 4 0 - 3 6 —  3 4 - 1 3 < J u ' - 3 5 - 3 5 - 1 3 — £ 1 0
5 3 0 - 1 7 —  7 - 1 1 —  3 4 - 1 3 - 3 3 - 3 4 - 1 9 - 8
c r  -7 c r  .̂1 - 3 9 - 1 7 d  ^ c r—  u_i - 3 6 - 9 - 3 1 - 1 0
cr  
—  w i 1 3
5 4 9 - 3 9 - . 1  5 - 3 4 - 9 — 3 3 ' - 4 C.Cj - 1 0 — c ! 1  1
5 6 3 - 3 5 —  1 3 - 1 7 0 - 1 4 - 6 - 1 8 - 4 “ d l 1  1
3 7 3 - 3 4 - 1 0 - 1 9 - 6 d  d 1 - 3 8 - 9 - 1 3 4
3 6 6 - 3 8 - 1 3 - 1 9 - 7 - 3 0 - 4 - 1 7 - 1 5 - 8 6
5 9 3 — 5 1  1 1 1 5 - 1 3 d d - 1 4
c r
d 1 3
5 9 9 - 3 7
•—»• -  
d  d L . C . - 8 —  3 0 d % i - 1 9 - 1 1 - 5 6
£ ■ 3 5 - 1 9 - 3 8 - 1 4 - 3 7 - 1 4 - 3 8 - 1 6 - 1  1 d
6 3 0 - 3 0 - 8 - 1 6 Cj - 9 3 - 1  1 - 4 - 1 1  4
6 4 9 d  ^ - 9 - 3 1 - 1 - 1 8 3j c 4 - 1 3 - 1 0 d
6 5 6 - 3 5 - 6 - 3 4 - 1 5 - 3 7 - 1 5
cr
“ wJ 7 yU 1  0
6 6 5 - 3 1 - 1 3 - 1 6 - 6 - 1 8 - 7 - 3 4 - 1 3 - 8 d
6 7 6 - 3 4 - 1 4 - 1 4 - 4 - 1 6 4 - 3 5 - 1 4 - 1  1 - c !
6 8 3 d - 1 6 - 3 9 - 1 5 - 3 1 - 1  1 - 3 7 - 3 0 - 1 5
6 3 6 - 3 0 - 3 0 - 3 0 - 6
__c r ( j " ~ d  / - 1 5 - 9
cr
7 0 3 - 3 0 —  1  £ — 3 ' 5 - 1 5 - 1 4 - 9 - 4 0 - 3 6 - 3 1 —  b
7 1 9 - 1 6 d - 1 0 d - 1 0
C"
- 1 6 - 1  1 - 6 /
7 3 4 - 3 0 - 1 1 - 1 4 *““ d 1 d d  1 - 9 - 4 8
7 4 1 - 3 0 - 1 3 - 3 1 - 1 3 d  d - 1 1 - 3 1 - 1 5 - 9 1
7 4 3 - 3 1 - 3 0 l i b - 1 3 ™ C J - 1 7 - 3 4 — 3 5 O  ~7 \_( __“7
7 6 6 - 3 7 - 1  0 - 1 3 - 1 - 1 5 jj - 1  < j - 3 d 9
7 6 0 "“ u C - 1 8 - 3 0 —  1  3 d !  fc> - 1 4 - 1 9 - 1 1 ” 5
“7
7 8 6 - 3 0 - 3 0 - 3 7 - 1 0 __c r - 1 3 - 1 3 - 7 - 4 cr
7 9 3 d - 1 8 - 3 8 — 3 5 - 1 3 - 9 - 1 0 7 1 3
8 0 9 - 4 0 - 3 0 - 3 5 - 3 1 - 3 0 - 1 7 - 1 3 d - 1 4 * d
8 3 1 - 7 1 0 - 1 3 ( j 1 4 1 3 £ 4 - 8 1
8 4 0 - 9 6 - 7 dj - 1 3 - 8 1 4 c . d ! 6 3 0
8 5 8 - 3 0 - 4 - 1 0 - 4 - 3 9 - 3 0 1 4
♦ - . c r
d , J d 1  1
6 7 0 C l .
__cr
- 1 3 - 4 d - 3 0 9 3 1 1 3 3 4
8 9 3 - 3 9 - 1 3 - 1 8 - 1 3 - 3 0 - 3 4 1 7 4 1 5
9 0 9 - 1 9 d - 1 0 - 3 - 3 8 -  1  7 1 5 3 0 6 3 6
9 3 0 —  3  / __O
c r1. _ •_ j - 1  5 - 3 8 - 1  7 d 1  3 1 1 6
330 O 0 O 0 0 ( ) O
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{* READ.PAS *{* *
{* This program: *
{* 1. Reads a user file of index coordinates for mask *
{* locations. *
{* 2. Prompts the user for mask size (3x3, 5 x 5 ,  7 x 7 )  *
{* 3. Generates a program file of coordinates for each mask. *
{* 4. Reads grey level values from an assigned image for each *
{* mask coordinate. *
{* 5. Writes the grey level for each mask pixel and the pixel *
{* coordinatesto to a disk file. *
{* 5. Converts the grey level for each mask pixel to grey *
{* level value (250). *
{* 6. Writes the grey level for each converted pixel to a *
{* a paintback image. Writes the unchanged grey level for *
{* each non mask pixel to the paintback image. *
{* Required input:
{* 1. Assign user coordinate source file. *
{* 2. Assign source image file. *
f* 3. Assign target paintback image file. *
{* 4. Assign target light level and coordinate file *
{* 5. Answer prompt with mask size (3, 5, or 7) *
























Figure 75. R E A D .PAS PROGRAM
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PROCEDURE ReadaRow (K:INTEGER; CH:CHAR; LIGHTLEVEL:INTEGER; XMASK,
YMASK :COORDINATES; LASTCOORD,QUAD :INTEGER)
VAR























END; { CASE STATEMENT }
FOR J := FIRSTCOL TO LASTCOL DO 
BEGIN
READ (IMSOURCEFILEA, CH) ;
LIGHTLEVEL := ORD(CH);
FOR M := 1 TO LASTCOORD DO 
BEGIN
IF XMASK[M] = (K + ROWADJUST) THEN 
BEGIN















END; { OF PROCEDURE READROW }













WRITELN ('How many reference coordinate pairs (limit = 300):'); 
READLN (NCOORD);
111:WRITELN (SKIP:5,'Enter the MASK SIZE ');
WRITELN (SKIP:10,'3 for 3 x 3 mask ')
WRITELN (SKIP:10,'5 for 5 x 5 mask ')
WRITELN (SKIP:10,'7 for 7 X 7 mask ')
READLN (MASKSIZE);
CASE MASKSIZE OF
3,5,7 :MASKSIZE := MASKSIZE;
ELSE




LASTCOORD := NCOORD * MASKSIZE * MASKSIZE;
IF MASKSIZE = 7 THEN 
OFFSET := 3.
5 THENIF MASKSIZE = 
OFFSET := 2 





FOR I := 1 TO NCOORD DO 
BEGIN
READLN (USERCOORDLIST, X [I], Y[I]);
FOR J := -OFFSET TO OFFSET DO 
BEGIN
FOR K := -OFFSET TO OFFSET DO 
BEGIN
XMASK[COUNT] := X [I] + K;









WRITELN ('MASK COORDINATE LIST DONE.');
WRITELN;
WRITELN ('Reading light levels. Please wait....');
WRITELN;
FOR K := 1 TO 240 DO 
BEGIN
QUAD := 1;
ReadaRow (K,CH, LIGHTLEVEL, XMASK,YMASK,LASTCOORD,QUAD);
END;



















WRITELN ('END OF PROGRAM REACHED.');
WRITELN;







Reads a sequential list of single wave length *}
grey levels from a designated file. *)

























Zero references the multispectral signatures. 
Envelopes the zero referenced signatures.
Writes the signature list to a designated disk 
file.







{■k̂ -k'k-k-k-k-k-A-k'k-k-k-k-k'k-k'k'k̂ 'k'k'k-k'k-k-k-k-k'k-k'k-Jĉ 'k'k-k-k'k-k-Jck'k-k'k-k'k-kic-k-k'k-k'k'k-k'k'k̂ -k-fc-k'k'k ]
data to a designated disk file, 
input:
Assign grey level source file.
Assign multispectral signature target file. 
Assign zero referenced signatures target file.
PROGRAM ENVELOPE (INPUT, OUTPUT, FJ.LTERLIST) ;
CONST
SKIP =' ' 
SPLAT = '*' 
NFILTER = 46 
NCOORD =20 
MASKSIZE = 9; 
MAXSIZE = 200;
TYPE
COORDINATES = ARRAY[1..MAXSIZE] OF INTEGER;
LIGHTLEVELS = ARRAY[1..46,1..20,1..11] OF INTEGER;
FILTERSET = ARRAY[1..NFILTER] OF INTEGER;
















Figure 76. ENVELOPE.PAS PROGRAM
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{'k'k'k'k'k'k,k'k'k-k-k-k-k'k-frk-k-&'k'k'i:'k'k'$rk'k'k'k'k'k̂ k-k-k'k'k'k'k-k'k'k'k'k-k-k*-&'k'k'k-k'k-&-k-&-k'k&-k'kic-k-k'k&-k-k-$:£
{ MAIN PROGRAM }
BEGIN
ASSIGN (GREYSOURCE, 'E:\WET2\GROUP20' );
ASSIGN (SIGTARGET, 'E:\WET2\RAWSIG20');









FOR I := 1 TO NFILTER DO 
BEGIN
FOR J := 1 TO NCOORD DO 
BEGIN







WRITELN ('Making signature lists. Please wait...'); 
WRITELN;
FOR J := 1 TO NCOORD DO 
BEGIN
FOR I := 1 TO NFILTER DO 
BEGIN












WRITELN ('Signature files completed. ');
WRITELN;
WRITELN ('Making zero referenced signatures with envelopes.'); 
WRITELN;
WRITELN ('Please wait ');
WRITELN;
FOR J := 1 TO NCOORD DO 
BEGIN
FOR I := 1 TO NFILTER DO 
BEGIN
WRITE (ZSIGTARGET, LL[I,J,1]:4,LL[I,J ,2]:4);
WRITE (LL[I,J,1]:4, LL[I,J,2]:4);
FOR K := 1 TO (MASKSIZE + 2) DO 
BEGIN
ZSIG[I,J,K] LL[I,J,K] - LL[46,J,K];
IF K > 2 THEN 
BEGIN
WRITE (ZSIG[I. J ,K]:4);





FOR K := 3 TO (MASKSIZE + 2) DO 
BEGIN
IF ZSIG[I,J,K] < LOW[I] THEN 
LOW[I] := ZSIG[I,J,K];
IF ZSIG[I,J,K] > HIGH[I] THEN 
HIGH[I] := ZSIG[I,J,K];
END;












WRITELN ('Envelopes completed. End of program reached.'); 
WRITELN;






{ ~k k  k  ~k k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  k  -A' V'  k  ~k k  ■
IDENTIFY.PAS *
* *
* This program: *
* 1. Reads a file of mask coordinates. -
* 2. Reads pixel grey level values from a filtered image, ^
k and the white image. *
k 3. Subtracts the white image grey level value from the *
k filtered image grey level value. *
* 4. Compares pixel coordinates to the mask file coord- *
k inate list, then compares the grey level value for *
k any coordinate matching pixel to a user designated *
k envelope range. *
k 5. Converts the grey level value to numeric value 250 *
k for each grey level value that falls within the *
k envelope range. *
' 6. Writes the converted grey level value to a paintback *
k image. Writes non matching grey level values to the *
k paintback image unaltered. *
' Required input: *
‘ 1. Assign user coordinate source file. *
‘ 2. Assign source image file (filtered image). *
 ̂ 3. Assign source image file (white image) *
 ̂ 4. Assign user envelope source file. *
r 5. Assign target image file (paintback image). *
r 6. Set constant SETWAVE = <filter wavelength>. *
* k  
r k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k
PROGRAM Identify (INPUT, OUTPUT, USERCOORDLIST); 
LABEL







COORDINATES - ARRAY [1..MAXCOORD] OF INTEGER; 
ENVELOPE - ARRAY [1..45] OF INTEGER;













r X / S  A  A  X  A  A  X  A  "
PROCEDURE ReadaRow (K:INTEGER;CH:CHAR;LIGHTLEVEL:INTEGER;QUAD:INTEGER)
VAR























END; { CASE STATEMENT " }




ZERODIF := ORD(CH2) - ORD(CHl);
FOR N := 1 TO 45 DO 
BEGIN
IF WAVE[N] = SETWAVE THEN 
BEGIN
IF ZERODIF <= HIWAVE[N] THEN 
BEGIN

















{ MAIN PROGRAM }
BEGIN
WRITELN;
ASSIGN (SOURCEA, 'E:\WET\W523.930'); 
ASSIGN (SOURCEB, 'E:\WET\W523.821'); 
ASSIGN (SOURCEC, 'E:\STIB\STIB1ENV.DAT');








WRITELN ('Reading envelope. Please wait....'); 
WRITELN;
FOR N := 1 TO 45 DO 
BEGIN


























FOR K := 241 TO 480 DO 
BEGIN
QUAD := 4;








WRITELN ('END OF PROGRAM REACHED.');
WRITELN;







* This Program: *}
* 1. Reads grey level values from two paint images, *}
* pixel by pixel. *}
* 2. If both pixels exhibit white paint (LL = 250), *}
* then grey level value 250 is painted to a new *}
* paint image. *}
* 3. If only one pixel exhibits white paint, then *}
* grey level value 30 is painted to the new paint*}
* image. *}
* 4. If neither pixel exhibits white paint, then *}
* the unaltered grey level for the first image *}
* is painted to the new paint back image. *}
* 5. Creates a dark border (LL = 30) around the *}
* perimeter of the image. *}
k k ]
* Required input: *}
* 1. Assign source image file (first paint image). *}
* 2. Assign source image file (second paint image). *}
* 3. Assign target image file (new paint image). *}
* 4. Assign target coordinate file. *}
*  k } 
k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k k  }
PROGRAM Combine (INPUT, OUTPUT, USERCOORDLIST);
CONST ROWS = 1024;
MAXCOORD - 1000; 
SKIP = ' '; 
STARTROW = 88; 
STOPROW =425; 
STARTCOL = 50; 
STOPCOL = 465;
VAR
SOURCEA, SOURCEB, TARGETA, TARGETB 
















FIRSTCOL := 1; 
LASTCOL := 2 5 6 ;  
ROWADJUST := 1 3 ;  
END;
2 : BEGIN
FIRSTCOL := 2 5 7 ;  
LASTCOL := 5 1 2 ;  
ROWADJUST := 1 3 ;  
END;
3 : BEGIN
FIRSTCOL := 1; 
LASTCOL := 2 5 6 ;  
ROWADJUST := 1 3 ;  
END;
4 : BEGIN
FIRSTCOL := 2 5 7 ;  
LASTCOL := 5 1 2 ;  
ROWADJUST := 1 3 ;  
END;
END; { CASE STATEMENT




IF (K+ROWADJUST) <= STARTROW THEN 
CHI := CHAR(30);
IF (J-l) <= STARTCOL THEN 
CHI := CHAR(30);
IF (K+ROWADJUST) > STOPROW THEN 
CHI := CHAR(30);
T 4 04S 220
IF (J-1) > ST0PC0L THEN 
CHI := CHAR(30);
IF ORD(CHl) > 250 THEN 
CHI := CHAR(150);
IF ORD(CHl) = 250 THEN 
BEGIN
























































WRITELN ('END OF PROGRAM REACHED.');
WRITELN;




'̂ -k-k-k-k-k-k'k̂ r'kifk-k-fc-k'k-k'k'k'k'k'k'k'k'k-k-k'k'k-k'k'k'k'k-k-k-k'k'k'k'k'k'k-Jc'k'k'̂ 'k'k'k'̂ 'kic'k-k'k'k-̂ 'k'k }
* CENTROID.PAS *}
* *}
* This Program: *}
* 1. Reads x-y coordinate arms from an assigned *}
* disk file. *}
* 2. Counts the number of coordinate pairs read. *}
* 3. Sums the x-y coordinate arms, and divides by *}
* the total number ofcoordinate pairs. *}
* 4. Displays the resulting population centroid. *}
* *}
* Required input: *}
* 1. Assign coordinate source file. *}
{* *} {'k-Jc-k'k-k-k-k-k-Jc'k'k-k-k'k'k-k'k'k'k-Jc'k-k-k-k'k'k'k'k-k'k'k'k-k-k-k'k-fc-k̂ c-k'k-k-k'k-̂ -k'k-̂ 'k-k-k-k'k̂ c-̂ 'k'k'k'k'Jc }
PROGRAM Centroid (INPUT, OUTPUT, UserPaintlmage);
VAR
SOURCEA
I, ROW; COL, PIXSUM, MILCOUNT 


















Figure 79. CENTROID.PAS PROGRAM
T4045
WHILE NOT eof(SOURCEA) DO 
BEGIN
READ(SOURCEA, ROW,COL);
ROWSUM := ROWSUM + ROW;
COLSUM := COLSUM + COL;
PIXSUM := PIXSUM + 1;
WRITELN (PIXSUM:7);
END;
IF PIXSUM > 0 THEN 
BEGIN
ROWCENT := ROWSUM / PIXSUM; 
COLCENT := COLSUM / PIXSUM;
END;
WRITELN;
WRITELN ('Centroid occurrs at ... Row = 
WRITELN (' Col =
WRITELN;






WRITELN ('Press <ENTER> to return to program 
READLN;
END.
